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1 INTRODUCTION

1.1 Purpose

The purpose of this calculation Is to provide the analysis and design for the Off-Gas
stack foundation (#10) and to incorporate vendor submittal data and requirements.
This revision of the calculation removes the analysis for the Inlet Stack foundation
#19, as it is no longer required.

1.2 Scope

The scope of this calculation includes determining the loads that the stack places
on the foundation due to wind, gravity and seismic forces. It is assumed that the
stack is self-supporting and will be secured rigidly to the foundation. The
foundation is sized to ensure that the anchors will have adequate depth and edge
distances (min 12") to develop the full shear and tensile capacities of the anchors.
Reinforcing bar design is included in this calculation. Foundation details were
provided to the stack vendor to allow development of the anchorage design. This
calculation verifies that the foundations will not exceed the soil bearing capacity
and that adequate reinforcement bars are provided to support the loads and
loading combinations, as required by design, the design criteria and codes to
satisfy Performance Category 2 (PC-2) requirements.

2 BASIS

2.1 Design Inputs

Technical Data Sheet 145579-V-DS-005.1 Rev 2, prepared by AMEC Trail
Mechanical Group, Issued February 02, 2005 (Attachment 7) provided the
preliminary dimensions and weight of the Off-Gas Exhaust stack as applied In the
design and analysis per revision 1 of the calculation. The stack is listed as 155 feet
tall and 24 Inches in diameter with a maximum weight of 40,000 pounds. The
equipment sizes and anchorage increased beyond the original estimates. The stack
height remains at 155 feet, the maximum stack diameter is now 48' and weight of
the stack is 45,730 lbs including the access ladder and platform. Revision 2 of the
calculation updates this input information, based on the information provided by the
stack and equipment vendors. The stack and fan/motor vendor drawings are
provided In Attachment 6.
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Drawing F-145579-36-V-0015 Rev A (included in Attachment 1) gives the location
and overall dimensions of the stack. Vendor drawings from Busby Marine and
Tank, Inc. provide the detailed information for fabrication and assembly of the
stack. Robinson Industries, Inc. drawings DA-58RB1806-5-104, Revision 1 and
DA-58RB1806-5-105, Revision 1 provide the detailed Information for the OGTS fan/
motor assemblies located on the stack foundation also Included in Attachment 1.
Attachment 3 Is the design calculation developed for the analysis of the OGTS
Stack provided by the vendor.

The Off-Gas Stack foundation Is Performance Category PC-2 as provided at the
March 11, 2004, biweekly design review meeting. The attached foundations chart
(Attachment 4) was Included in an e-mail from David Shuford CH2MHilI to John
Stephens AMEC confirming the Performance Categories of SSCs.

The foundation is a minimum of 48" thick, as required by TFC-ENG-STD-06 listed
In Section 3.0 of the calculation. The foundation footprint, as required for the
equipment layout provides in excess of the area necessary to adequately support
the stack within the allowable capacity of the supporting soil. In addition, the center
portion of the foundation extends 82" below the top of the foundation to
accommodate the anchorage for the stack. The attributable weight of the concrete
has been included in the overturning analysis for the foundation. Finished grade of
the compacted granular surface adjacent to the foundation will be approximately 3"
below the top of the foundation depending on final grade accuracy.

Frost heaving has been considered In the design and will be negligible as
confirmed in an e-mail from the author of the DBVS Site Geotechnical report and Is
included as Attachment 5.

The RISA 3D computer analysis and associated screen views of the OGTS Stack
used in determining the maximum loading on the foundation Is provided In
Attachment 2.

Design Loads:

Dead load = Self weight of stack and foundation. The stack weight applied In the
seismic design Is 45,730 lbs, as provided by the stack vendor.

Wind Load = The magnitude and distribution of the wind loading Is determined
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using the stack dimensions based on the stack vendor design drawings and the
following site specific information:

Wind Load = 3-second gust 85 mph,

Exposure Category "C"

Importance factor 1.15

Seismic load: the seismic forces on the structure have been calculated using Zone
2B per UBC. The soil profile type is "Sc" as confirmed in the Geotechnical Report.

Live load: the main live load on the slab will be foot traffic beside and around the
perimeter of supported equipment skids. By Inspection, a 48" thick reinforced
concrete slab will withstand foot traffic, and this load may safely be Ignored.
Likewise, dynamic loads imparted by fans on the 48" deep stack foundation are
very small compared to the size of the foundations and may safely be ignored.
Foundation self-weight is approximately 740,000 pounds, so the effect of the weight
of the two fan/motor assemblies of 22,500 pounds is negligible.

Snow load: the ground snow load on the Hanford site Is 15 psf. By inspection, a
48" thick reinforced concrete slab will not be affected by a 9" depth of snow, and
this load may safely be ignored.

Volcanic ashfall: the ashfall load on the Hanford site Is 5 psf for PC-2 SSCs. By
Inspection, a 48' thick reinforced slab-on-grade will not be affected by such a minor
load, and this load may safely be ignored.

Flood: the DBVS site Is at elevation 663 feet and is not In any of the flood areas
identified in HNF-SD-GN-ER-501. Flood loads may safely be Ignored.

Groundwater Pressure: the DBVS site Is at elevation 663 feet. The Geotechnical
report notes that groundwater levels are approximately 300 feet below the ground
surface. Groundwater pressure may safely be ignored.

Thermal: like any exterior concrete slab on grade, the foundations are subjected to
normal annual and daily temperature variations. They are not constrained from
expanding or contraction by the surrounding soil. The foundations are simple
rectangular prisms, and no change In the foundations' geometry occurs due to
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thermal stresses. Thermal stresses will be very small and may safely be ignored.

Concrete creep: the foundations will be cast In place on a firm compacted soil
subgrade. Long term creep of a non-suspended slab will be negligible. Concrete
creep stresses may safely be Ignored.

Lightning: the entire DBVS site will have a grounding grid installed. Pigtails are
provided from the grounding grid through foundations for attachment to the
supported equipment. Details of the grounding system are not part of the scope of
this calculation.

2.2 Assumptions - None

3 REFERENCES

1. Uniform Building Code, 1997. International Conference of Building Officials,
Whittier, Califomia.

2. ACl Manual of Concrete Practice, (5 volume set including all current ACI
standards, and in particular ACI-318 and ACI-336) 1997. American Concrete
Institute, Farmington Hills, Michigan.

3. TFC-ENG-STD-06 Rev B-1, Design Loads for Tank Farm Facilities, Issued
October 22, 2003 by CH2M Hill Hanford Group Inc. Hanford, Washington.

4. ASCE 7-02 Minimum Design Loads for Buildings and Other Structures, 2002.
American Society of Civil Engineers, Reston, Virginia.

5. Report of Geotechnical Engineering Services, Bulk Vitrification Process Partial
DBVS Richland, Washington. April 2004. AMEC Earth & Environmental Inc.,
Portland, Oregon.

6. HNF-SD-GN-ER-501 Rev 11B, Natural Phenomena Hazards, Hanford Site,
Washington. As revised by ECN 672877, May 15, 2002. Numatec Hanford
Company, Richland, Washington.

7. DOE-STD-1020-2002 Natural Phenomena Hazards Design and Evaluation
Criteria for Department of Energy Facilities January 2002. U.S. Department of
Energy, Washington, D.C.
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8. MathCAD software, version 12. Published by Mathsoft Engineering &
Education Inc., Cambridge, Massachusetts.

9. G-LI-001 DBVS Equipment Ust Revision N, 08-Feb 2005. AMEC.

10. "Design of Reinforced Concrete", by McCormac, 2nd edition.

11. G-LI-001 DBVS Equipment Ust Revision N, 08-Feb 2005. AMEC.

4 METHODS

Determination of loads, analysis of effects and determination of concrete strength
follow the procedures of the Uniform Building Code and ASCE 7-98 as applicable.
Calculations were performed using MathCAD 12 computer software. Reactions on
the concrete foundation due to the stack loads were determine using RISA 3D,
version 5.5, verified and validation for use on computer # R9N 102518.

Calculations determine soil bearing pressures on the leeward and windward sides
of the foundations during both wind and seismic loading. For seismic design,
"windward" is understood to mean the side an earthquake "pushes" from.

Provided that the calculated bearing pressure on the soil is always compressive
(i.e. no uplift) and less than the allowable soil bearing pressure of 3000 pounds per
square foot, the foundations are stable against overturning with a safety factor of at
least 3.0.

Due to the height of the stacks, we have conservatively not used the 4000 psf
allowable soil bearing capacity for short-term loading (wind/seismic) permitted by
the Geotechnical Report. This ensures that no permanent soil deformation or stack
tilt will occur under either the design wind or seismic loads.

Slab bending strengths on a per-foot basis (as well as minimum reinforcement)
have been calculated following the UBC/ACI-318 method and provided In
Attachment 2. Overturning due to wind/seismic loads are calculated and compared
to the slab moment capacity in both directions. The full slab width is considered to
resist bending.

The foundation has been sized as a rectangular prism, based on the dimensions
provided by the vendor Information. Stack weight applied in the analysis is actual
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weight as provided by the vendor. The weight of the equipment supported on the
slab Is Included In this revision of the calculation, since the total weight of the two
fan/motor assemblies total 22,500 lbs, adding significant weight (approximately
50%) Increase In the dead weight on the foundation. In addition, the center of
gravity of the fan/motor assemblies are located approximately 7'-9" south of the
east-west center of the foundation, resulting in an eccentric loading condition.

Based on the actual weights of the structure, gravity, wind and seismic forces on
the foundation have been calculated using the Tank Farm Facilities Design Loads
and the methods prescribed in the Uniform Building Code (UBC) and ASCE 7-98
Foundation allowable resisting forces and soil bearing pressures have been
calculated using the methods in the UBC and ACI-336. This condition is included in
the analysis of the foundation.

RESULTS AND CONCLUSIONS

The concrete foundation will support the stack under the design loads. Soil bearing
pressures are always compressive, and are less than 3000 psf with no uplift under
either wind or seismic loading. A soil bearing pressure of 0 psf on the windward
edge implies a safety factor against overturning of 3.0. As bearing pressures are
always positive (compressive) on the windward edge, the safety factor against
overturning exceeds 3.0.

Other safety factors are:

Loading condition FDN#10

Soil bearing capacity without wind or seismic loads 3.5

Friction (sliding) resistance subject to wind load 15.9

Friction (sliding) resistance subject to seismic load 18.1

Passive soil resistance to sliding subject to wind load 17.8

Passive soil resistance to sliding subject to seismic load 19.8

ORGIATOR: c4 , Cl OTE.DATE. DAC
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The maximum factored slab bending moment resistance per foot of width exceeds
the maximum factored slab bending moment force per foot of width In the
foundation In both directions, and meets the UBC/ACI requirement for strength. The
maximum factored slab bending moment per foot of width occurs In the east-west
direction (across the narrower 24 foot dimension) under wind load and is equal to
172.0 kip-ft/ft.

The foundation designs have been added to the 3-D computer model of the project.
Foundation drawings are attached.
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6.0 Calculation I Analysis ,
This analysis provides the design of the foundation for the Off-gas Stack. The stack Is constructed of
1)2" plate and is a cantilevered structure supported at the base of the stack. The analysis incorporates
the vendor dimensions and anchorage requirements into the design reinforced concrete foundation.

Constants Defined

k:= kip kft:= kip.ft kin := kip -in Units defined.

Ib 1
plt := - psf :=-psi

kif:= 1000plf ksf := 1000psf

Material Properties for Soil

pcf:= p-
It

Ibf
psi :=

in

kcf :- 1000pcf

Material Properties for Concrete

7c:= .150kcf

fc:= 4000psi

Material Properties for Reinforcing Steel

fyr:= 60000psi

Material Properties for Anchor Bolts

ECN 722466, Drawing H-14-106789,
Rev.1

ASCE 7-98 (Reference 6. Table C3-2. page
230), Maximum unit weight, or density, of
the reinforced concrete.

Specified minimum compressive stress of
concrete at 28 days.

Yield strength of ASTM A-615 reinforcing
steel

Fy:- 36ksi

E :- 29000ksI

Yield strength of ASTM A-36 steel,
AISC Manual, 9TH edition page 1-7.

Modulus of Elasticity of steel, AISC
Manual, 9TH edition page 6-30.

A5-280
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FIGURE 1 - Off-Gas Stack Foundation Plan
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DESIGN LOADS:

Dead Load: The dead loads are determined based on the weight of the members consisting of the
self-weight of the 2" thick cover plate and the structural framing system, columns and beams.

Ws : 45.73k

Wfm:= 22.5k

wc:= 24ft

to:- 4ft

Lc:= 36ft

Ac:= wc-Lc

Scl:- (Lc) -wc 2

6

Scw:- (w).Lc
6

Wc1 := tc-wc-Lc-yc

Ac = 864 ft2

SCd - 3456 ft

Scw - 5184 ft3

WC1- 518400 lbf

Weight of the Off-Gas Stack, reference
Vendor Stack Drawings. Attachment 6
Including the weight of the access
ladder and platform.

Weight of the Fan/ Motor assemblies per
Attachment 6.

Width of the foundation, Attachment 1

Thickness of the foundation,
Attachment 1

Length of the concrete foundation,
Attachment I

Area of the foundation

Section Modulus of the concrete about the
length dimension of the foundation.

Section Modulus of the concrete about the
width dimension of the foundation.

Weight of 48" portion of the concrete
foundation

dmax:= 7ft Lt:= 17.0ft

At:= Lt At-289 ft

Ab:= Lb2 Ab = 32.15ft2

Lb:- 5.67ft
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Wc2:=

Wc2 := '-(At + Ab + VII-lAb) y
3

Wc2 - 146138.61 lbf

W:= Wcl + Wc2 + Ws + Wfm

t = 732768.61 lbf

hsl := 102ft

hs2:= 53ft

wsl := 4ft

ws2 := 2ft

Project Number 145579

Originator M.R Custer
Date: 03-206

a e: er.DChenaultDate:

Weight of center portion of the concrete
foundation from a depth of 48" to a depth
of 84".

Total dead weight of the stack and
concrete foundation.

Height of the 48" diameter stack

Height of the 24" diameter stack

4 ft width of the stack

2 ft width of the stack

Live Load: A minimum live load of 50 psf is included and considered over the entire area of the
elevated platform per ASME STS-la-2003, Section 4.3.2 for maintainence access.
WI = 7000 lbs (negligible)

Wind Force:

The wind force Is determined, based the design procedure of ASCE 7-98 (Reference 6) and the Hanford
site specific requirements per TFC-ENG-STD-06 (Reference 2):

Exposure Category, C

Vg = "Three-second-gust wind
velocity

Importance Factor, I

Kz, Velocity Pressure
Exposure Coefficient,

Vg:- 85
hr

: 1.15

Kz:- 1.39

TFC-ENG-STD-06, Table 3, page 24

TFC-ENG-STD-06, Table 3, page 24

TFC-ENG-STD-06, Table 3, page 24

ASCE 7-98, Table 6-5. page 60. Height
above ground level Is 155 feet
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Kzt Topographic Factor

Kd = Wind Directionality Factor

qz := 0.00256.Kz.Kzt.Kd.Vg 2I

Kzt:= 1.0

Kd:= 0.95

hr
kmi-ft)

2
-*bf

qz = 28.09 psf

Gf = Gust Factor,

Cf = Net Force Coefficient

Gf:= 0.88

Cf := 1.2

Pwl:- qz-Gf-Cf

Pwl = 29.66psf

Pfwl :=qz.GfCf.wsl .

Pfw2 := qz.Gf-Cf.ws2 .

ASCE 7-98, Section 6.4.1, page 26

ASCE 7-98. Table 6-6, page 61.
round structure

ASCE 7-98, Eq. 6-13, page 30

Applied wind pressure on the structure

ASCE 7-98, Section 6.5.8, page 29 as
calculated in stack vendor calculation
Attachment3

ASCE 7-98, Table 6-10, page 65

Wind pressure per square foot of area,
ASCE 7-98, Equation 6-20, page 33.

Ptwl = 118.64 pIf

Pfw2 = 59.32 pIf

Wind pressure applied on the 48"
diameter portion of the stack structure per
ASCE 7-98, Equation 6-20. page 33.

Wind pressure applied on the 24"
diameter portion of the stack structure per
ASCE 7-98, Equation 6-20, page 33.

Vmaxw:= Pfw1hsl + Pfw2.hs2

Vmaxw= 15245.48 lbf

Seismic Force:

The seismic force is determined based on the Uniform Building Code (UBC 1997). as defined by
TFC-ENG-STD-06,(Reference 3). The maximum base shear or lateral force was determined using
equations in Section 1632.2 and 1634.5 for the analysis.
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Foundation

Earthquake loads applied to PC-2 SSCs shall comply with the UBC, Seismic Zone 2B for essential
facilities, per TFC-ENG-STD-06 (Reference 2. Section 3.6.5.1).

Seismic Zone = 28

Soil Profile = Sc

Seismic Zone Factor, Z = 0.2

Seismic Coefficient, Cv:= 0.32

Seismic Coefficient. Ct:= 0.020

Importance Factor, le

Seismic Coefficient.

TFC-ENG-STD-06, Rev. A (Reference 2.
Section 3.6.5.1). UBC 1997, Figure 16-2,
page 2-37

AMEC Soils Report (Reference 3, page 11)

UBC 1997, Table 16-1, page 2-30

UBC 1997, Table 16-R, page 2-35

USC 1997, Section 1630.2.2. page 2-14

UBC 1997, Table 16-K. Occupancy
Category, page 2-30. Essential Facility.

AMEC Soils Report (Reference 3, page 11)
UBC 1997, Table 16-Q. page 2-34

Height (feet) to top of the structure,
Attachment 1.

Structure period, UBC 1997, Equation
30-8, page 2-14 * 0

le:= 1.25

Ca:- 0.24

hss:= 155

T :- Ct.hss.75 S T - 0.88

Determine the Lateral Seismic Force based on UBC 1997, Section 1634.5:

V:- 0.56.Ca.le-Ws . V = 7682.64 Ibf

Determine the Lateral Seismic Force based on UBC 1997, Section 1632.2:

ap:= 2.5

Rp:= 3.0

lp:= 1.5

hx:= Oft .
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hr:- 155ft

Fp:= ap-Ca*lp (
Rp

Fp - 13719 lbf

Fpmax:- 4-Ca-lp-Ws

Fpmin := 0.7.Ca-lp-Ws

Fseismic :- 137191bf

Fpmax = 65851.2 1bf

Fpmin = 11523.96 Ib

Maximum force on the stack due to
the seismic loading

DESIGN LOAD COMBINATIONS FOR THE SUPPORT STRUCTURE:

The design load combinations used In the analysis of the stack structure are in accordance with
UBC 1997. Section 1612, as defined per Reference 2, Section 3.6.12, page 10 for allowable
stress design.

FOUNDATION DESIGN FOR THE OGTS STACK STRUCTURE:

Overturning Moment

Determine the overturning moment due to the seismic force applied at the center of gravity of the
structure.

Location of the Center of Gravity of the OGTS Stack Structure:

Ycg:- 63.65ft

Ycgw :-

Location of the center of gravity of the
OGTS stack in the vertical direction.
Attachment 2.

isi (hs2
hsl.Pfwl-- + hs2-Pw2. --

2 2
Pfwl.hsl + Pfw2.hs2

+ hsl)
Location of the resultant wind force on OGTS
stack.

Ycgw - 66.98 ft

AS-286
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CALCULATION SHEET Project Number: 145579
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Originator: M.R Custer
Calculation No. 145579-B-CA-015 Date: 03-2t06
Rev. No. 2 C;c Ceal
Calc. Title OGTS Steel Stack Date:
Foundation 7zeoW

Fseismic:- 13719lbf
Maximum seismic base shear on the
structure applied at the C.G of the
structure.

Maximum base shear force due to
maximum wind force on the structureVmaxw - 15245.48 lbf

Vmaxw = 15245.48 lbs > Fseismic = 13719
lbs

Wind force on the stack governs the
design over the maximum seismic load.

Mot:= Vmaxw-Ycgw Mot - 1021.18 kit Maximum overturning moment due to the
wind force on the structure.

Determine the resisting moment due to the dead load of the stack structure, Ws and the foundations,
Wcl and Wc2 and determine the Factor of Safety against overturning. The force Is applied at the center
of gravity of the the structure parallel to the least dimension of the stack structure foundation.

ws3:- 4.5ft

Mres:= W.t.-
2

Diameter at the anchor bolt circle.

Conservative, since the compression portion
of the couple Is applied over the edge of the
plate which adds any additional distance for
the lever arm for the moment.

Mres = 1648.73kft

Safety Factor Overturning, SFot:= W
Mot

SFot - 1.61 > Factor of Safety = 1.5 ... O.K

Determine the Factor of Safety for the Soil;

AS-287
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Calculation No. 145579-B-CA-015 Date: 03-26-06
Rev. No. 2
Calc. Title OGTS Steel Stack Date: M Chenault

Foundation 7v cC

qact - 848.11 psf Soil bearing pressure Safety Factor without
wind or seismic loadings.

qa
SFsoil:= -

qact

SFsoil = 3.54

Determine the Factor of Safety against sliding due to the wind force and dead load of the stack structure
and foundation. The resisting force is provided along the perimeter of the foundation for the stack structure.

Fstw:= 15.6k

p:= 0.34

Frsl := p-Wt

FrsI = 249.14 k

SFstw:= Frsl + FsIw

Sliding Force on the stack structure
Vmaxw, due to the wind force.

Friction coefficient for concrete on the soil
Reference 3, AMEC Geotech Report, page 4.

Force resisting sliding of the stack

SFsIw = 15.97 >1.5 ..O.K

Determine the Factor of Safety against sliding due to the seismic force and dead load of the stack
structure and foundation.The resisting force is provided along the perimeter of the foundation for the stack
structure.

Sliding Force on the stack structure
Fseismic. due to the seismic force.

Fseismic:- 13.7k

Frsl - 249.14 k

SFsts = Frsl + Fseismic SFsls-18.19 >1.5..O.K

Determine the Factor of Safety against sliding due to the soil pressure. Dead load of the support

AS-288
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CALCULATION SHEET Project Number: 145579

-- Z/of, 23

I echnology Originator M.R Custer
Calculation No. 145579-B-CA-015 Date: 03-25-06
Rev. No. 2 Cekr .Ceal
Catc. Title OGTS Steel Stack D ate: : enault

Foundation
3 -Zr -Wb

structure. WL The resisting force Is applied at the bottom of the foundation for the stack structure.

Dry density of the soil. AMEC Geotech
Report reference, page 4.

Angle of Internal friction. AMEC Geotech
Report reference, page 4.

Kp:= tan(45deg + 2 *

Pp:= Bdry-tc-Kp

Fpsoil:= Pp-L.Lc 4
2 )

Wind Force, Vmaxw = 15.25
kips

Seismic Force, Fseismic

SFsw: Fpsoil
Fseismic

SFse :- Fpsoil
Vmaxw

Kp = 2.77

Pp = 941.74 psf

Fpsoil = 271.22 k

SFsw - 19.8

SFse = 17.79

>1.5 ..O.K

>1.5 ..O.K

Reference 8, page 277.

Passive soil pressure, reference 8, page 276
modified Eq. 6-19.

Lateral Force from the soil on the foundation
Reference 8, page 277, based on the 48"
depth of the foundation.

Safety Factor, soil resisting seismic
force

Safety Factor, soil resisting wind force

Determine the Maximum Soil Pressure under the Stack Structure Foundation:

The connection points for the stack structure are fixed at the foundations, as established In the RISA
3-D model. The horizontal reaction loads on the foundation are applied at or below the center of the
foundation, however an eccentric loading or moment Is applied to the foundation due to the off-center
location of the stack on the foundation in edition to the eccentricity caused by the overtumig
moment This moment Is Included In determining the maximum soil pressure.

Weight of the stack.Paxal: Ws + Wim

Paxial - 68230 lbf

AS-289
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Pge 19 of 23

Originator: M.R Custer
Date: 03-26-06

Date: e :
5F-Z9 -C

e := .67ft

to7

efm :- 7.75ft

esum:- -e-Ws + efm. -
Paxial Paxial

Eccentricity due to the layout location of
the stack on the foundation.

Eccentricity due to the layout location of
the fan/ motor assemblies on the
foundation.

Net eccentricity on the foundation due to the
location of the stack and the Fan/Motor
assemblies

esum = 2.11 ft

Maximum moment due to the maximum
force (wind) applied on the foundation.

Mec:- Ycgw.Vmaxw

Mec - 1021.18 kft

et :- Ycgw-Vmaxw
Paxial + Wc1 + Wc2

Eccentricity of the vertical forces on the
foundation.

et = 1.39 ft

wc
ew:= ew =4 ft

et < ew, use qmax = PA (+/-) M/S to determine
the maximum soil pressure

Determine the maximum soil pressure:

qmax:= (n) + (Me

Middle third of the slab width.

Reference 10 page 212. Formula (5-7)

Maximum pressure on the soil.

qmax a 1045.1 psf

qmax < qa = 3000 psf .... O.K

Provide a foundation 4.0 ft deep x 24.0 ft wide x 36.0 ft long

A5-290



RPP-24544 REV Id

CALCULATION SHEET

technogy
Calculation No. 145579-8-CA-015
Rev. No. 2
Caic. Title OGTS Steel Stack
Foundation

Project Number 145579
Page 20 91 23

Or ginator: M.R Custer
Date: 03-28-06

Date:Cea

with a thickened center area of the foundation at the stack
anchorage 5.67 ft square at a depth 6.83 ft.

deff := tc - 3in - 0.69in . deff = 44.31 in Minimum effective depth of the concrete
(conservative), the distance from the
extreme compressive face of the concrete
(at the top of the concrete) to the center of
the tensile reinforcement steel. Reference
Section B, drawing DBVS-SK-C006, RevA.

Determine the Concrete Reinforcement In the Foundation:

4f:= 0.90

200
Asmin : -. 12in deff

40 60000

Strength reduction factor for ultimate stress
design method per UBC 1997, Section
1909.3.2.2.

Minimum reinforcing steel required per UBC
1997, Section 1910.5.1.

Asmin = 1.77 in 2

Determine the minimum cross-sectional area of rebar required per foot of width of the
foundation, based the applied moment.

Mu is the usable moment capacity of the section, based on the
area of reinforcement required for the 48" section depth.
Mu = Mn/J, Mn Is the ultimate moment.

Mreqd:= 1021.18kft

Mreqdft := 1.4.42.71kft

Required moment capacity by design on
the 24 ft width of the foundation. Refer to
Attachment 2.

Required moment capacity by design per foot
width of the foundation over the 24 ft width.

Mreqdft - 59.79kft per foot width of the foundation

The moment capacity, based on Revision I updated with the current loads requires
#10 bars at 12" on centers. Additional, the core area around the anchor bolt group will require the same
reinforcement.

A5-291
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Date: enDenault
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Anchor Bolt Requirement Check based on Mreqd:

Dbc= 54in

N:= 15

P:= 45.73k

Treqd:= 4. Mreqd_ P
N-Dbc N

Treqd = 57.47 k

At := 3.25in2

Ft:= 19.1ksi

P := Ft.At P = 62.08k

Diameter of stack bolt circle as determined
by the stack vendor per Attachment 3.

Number of Anchor Botts defined by the
stack vendor per Attachment 3.

Weight of OGTS stack as determined by the
stack vendor per Attachment 3.

Required anchorage per ASME STS-1 a-2003

Required capacity per anchor bolt per Mreqd.

Tensile area of 2 114 Dia.of anchor bolt

As determined by the stack vendor per
Attachment 3.

Load Capacity provided by each 2 1/4" dia
anchor.

A5-292



RPP-24544 REV Id

CALCULATION SHEET

te\hnciogy)
Calculation No. 145579-B-CA-015
Rev. No. 2
Caic. Title OGTS Steel Stack
Foundation

Project Number: 145579
Page o

Originator: M.R Custer
Date: 03-29-06

Date C.C 
nault

Date:-0

Project GeoMeft - Final DBVS
Foundation description:

Re-bar Design For Fdn Pads or Slabs
Ref: ACt 318
Bars: Top or Sot only 1, Top & Bot =2
fy palr5'

Mu k-ft
b in
h in
d in

A a 0.59 * Iylfc
8 =.1

C .Mu A:ibd2 )..1.u M u J~~

:2
J.temp

Selected.. for design
Check U cj'. max
As req'd per ft (tamp) n2
As req'd (design) in2
As reg'd (1.33 'design) - in2
As req'd(min) m2
Select design. 1.33design or min
As required in2
Bar #
As per Bar
Bar Spacing in
TotalAs per 11

Determine U max
rc

1 = 0.85-0.05 r(c-4), >=0.65
pbu.85'1rfc7000r(fY+87000u

pmax n0.75'pb a

Reference: 145579-C-CA-015, Rev.2
Foundation # 10

(inputs in
shaded)

- 2 -
60000
4000
0.9

69.79
12
-54

-50.38
8.85
-1

0.0004
23.6

0.1126
0.0004
0.00180
0.0033
0.00044
OK
0.58
0.26
0.35
2.02
0.35
0. 5
6

0.442
-12
0.44
OK

4000
60000
0.85

0.0285
0.0214

80 ksil normal
3-4 ksi normal
0.9 normal
required Mu
unit width or Al width
slab thickness
depth of steel

0.18% typical

considers top and/or bottom

applies V 1.33 not used

(diameter In eighths)

OK or NO (no good)

Two options If slab depth known:
Enter Mu required and iterate with bar size and spacing to get OK' message
For n given bar size end spacing, berute Mu until Ast a As requ'd and message a OK

FIGURE 2

(Minimum reinforcement required, based on latest vendor information)
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CALCULATION SHEET
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Foundation

Project Number 145579
Page 23 of 23

Originator: MA Custer
Date: 03-2$-06

Date: C n ult
3-Z2 9O0

Project GeoMelt - Final DBVS
Foundation description:

Re-bar Design For Fdn Pads or Slabs
Ref: ACI 318
Bars: Top or Bot only -1. Top & Bet z2

fy PSI

MU k-ft
) in
4 in
d in

A c 0.59 ' fc 
B =-1

C * Mu ( Abd^2ty)
LR U Mu/bd^2

temp

Selected_ -or design
Check u <3 max
As req'd per ft (temp) in2:
As reg'd (design) in2
As req'd (1.33 'design) n2
As req'd(min) _in2
Select design, 1.33design or min
As required in2
Bar #
As per Bar
BarSpaong in
Total As per ft -

- DetermineJmax --
rc
ty

I - 0.85-0.05*(fc.4). >-.65
0b=0.85",1 ?c87000/t(Wy+87000

pmex u0.75*bs a

Reference: 145579-C-CA-015. Rev.2
Foundation 5 10

(inputs in
shaded)

.2
60000
4000
0.9
172

| 12 -
S48
|44.5
|8.85

-1
0.0016

86.9

0.00163
0.00180
0.0033
0.00163

OK
0.52
0.87
1.15
1.78
1.16
1.16

10
1.227
.12
1.23
OK

4000

0.85
0.0285

60 ksi normal
3-4 ksl normal
0.9 normal
required Mu
unit width or full width
stab thickness
depth of steel

0.18% typical

considers top and/or bottom

applies if 1.33 not used

(diameter In eighths)

OK or NG (no good)

Two options if slab depth known:
Enter Mu required and iterate with bar size and spacing to get 'OK' message
For a given bar size and spacing, Iterate Mcu until As/ft - As requ'd and message a OK

FIGURE 3

(Minimum reinforcement required, based on revision 1 design and latest vendor Information)
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145579-C-CA-015

Attachment 1

OGTS Steel Stack Foundations Drawings

H-14-106789 Rev. 1
Bulk Vitrification Civil Site Improvements Plan

H-14-106798 Rev. 0
Bulk Vitrification Minor Foundations General Arrangement

H-14-106796 Rev. 0
Bulk Vitrification Off-Gas Area Fdns - Plans & Sections

F-145579-36-V-0021 Rev. H
Bulk Vitrification Off-Gas Exhaust Stack Details

A5-295



V

7

.1

6 5. -A-

F

z.

It

E

.-

7

3 2FF

N w60 + +ae\

+- +
lb . 0. .

+ ++ +

H

++ +.

a--

* 35040

* I--

* -63*5

114 STREET -

- -

.550- "- -

aF-d I45579-FINAL DBVS DESIGN
U.S. DEPARTMENT OF ENERGY

BULK VITRIFICATION

S PLAN
0678S 1

mI

IF
- - -- - -- -- -

Equipment F'oundolion toctions . - ____

Conic' Ig tsndolrcS Oroig I
FORt Equipmient ncmo florlhiig Wosiin

9  
(Refe ne

s'o;~ s i a .et i lwoK 0wi.Oi so +- -a :

- ad - :-s4 a se 3eS&C. 75254&*-5
0'a ECmtms SSOSA;42 -".. -Me

je ui u3 5925.. msa 24Z2- i-e'cS'

Sbspnst a it3; as9-N t3m 7o

e le-gs tea{ 3S1 lst I-04 S-n i

p -.. mmi asr swu -m~

I )Mtmd w~ CCTw SKI 55 A C- I C~e.. lOW ;iD 1115 -W.WTh e!l
OWO 452. ;OSI S flA tk'CCeL nF ot SOL ICm - 1 -

flASCO W - m sflO Atse( 10 en s sa -

if 4 e± a-O is OAt I awme o

3) ICCJW -A0Cfl141S C015. mlIS -4- 053

SW- k-CC -OlCAS S rn

nxs 911 s 951. os s ea~mn sa a n

* t14 sISCSt 5055 lli 1OAO-ICSSSlS 14

C

A

4

A

+

a lleaAn Ct fiwe

* ea aen

a -- sa

+

~- - s

Ce -a - ~ eat 015

,,ea*atenm ~ Cat

FENCE DETAILS.1 seinAI~

C'lvii-
SITE IMPROVEMENT

USED ci I ITES - *05)04 C-35|* 82144 e

6 5 4 3 2 Fls

E

a

ACCESS C OSS SECTION

SECTION

vli-

. RP-24544 REV Id

TYPICAL SECTION AT FENCE

C'

8

A

L 8

A5-296

I II 1

7

1I I

SECTIQN A



Lii

tj

Cf

lit

I

4
ii
I!

M.

Rilli gi~
Hgpi

U- I~niI I a ~j~&4~.r &~ I

az

WIV

1:1I E g;~
n 421 ~!

cT

............ .

. . . . . .. I . . . . . . .

1w .. ..

'i t
1---

DIW 'Nd £SSOtI 9OCZISZ/t 'SMaieUU ZEWY SPUA JCUIW O'AqV 96L9Ot+.FASEUMQ~d W04nY1n~'flS Pue IIAo\s8uIMJd\DfOoJd uOn~mDWlAtnG\squswmoo AviA9lns0 svnWmooa\:o

0

Li-

ON

I
I
C

II.. li
£
E
'9

ii-

.4

N
IL
$

I
0

-0 <

m Z

\K
-W

N)

-1

0-

N)l

I.E

I

t
L

LA

to

rN

in)

N

U-

I
10 -1 TGOM4t g NA I

S

Ii
I I
~

N_

...........

............... ....... ..... ..... .. .. .. .. : ..... ...... ....

_LJu



7

@1

6 5

I
- S

I
I
II 3

RPP-24544 REV 14

4 2 ~1

I
~-0~

---- -

OFF-GAS TREATMENT EQUIPMENT
FOUNDATION #13 - PLAN

of-a

OFF-GAS STACK
FOUNDATION #10 - PLAN

a

E
9
C-
I.-

6

Q
C

I
@1

4-

t
H I

I
V

K-,

13

a,
23

E
aa
a

0
S
C

- -
-I

N1-

- - - - - -

*c~ -

Fe

4 -350 it CV

SECONDARY WASTE PUMP SKIID
FOUNDATION #8 - PLAN

-f-a ,a

SC 110

LIQUID AMMONIA STORAGE TANK
FOUNDATIO4 #12 -- PLAN

f'- -

'-~Jta -
3C 4i~

I
A.

* - - c-f - -
Ia tin ac-ca - -
- - .a - - ad
- A~Ia .~d ~

- -* a. a -a.
-' - c-rid it -
- U.-. - a - a.-fl - - b~k~ 4
- - -
- - b-
~ c-c4~t - on..-~±~tZz'z.. - ~

c-i - -
I- - ~f4~
u.cn.ii - ca.

j

-

id-i-

s-a- ,-a.

I -

-0-atna '00ff

- a

COMPRESSED AIR SKID
FOUNDATION #9 - PLAN

v/i--a

MRlS:

1 C~ &NE POTS lCN "ECRIA IL3M&ECWPMICll. loll F T lTO0 ICAIOIlS
Co TO ORASlO K-14-1067"9 SolA VIRFOTO -Cttt SE ltpooOE S

} ORAWlG TRACEAIUTiY i3t nEx E ON -14-CO7o4

54 I

CONTRACTION JOINT
!w.3(Ec-nat

fTHIS DRAWING

LPOCATION PLA

I

ws DRANIJC FDRMEMtY SUEm AS MEC DRAlCG V-143643.-0-C-oll-

NAE C

P ll

YI l'

145579-FINAL DBVS DESIGN
U.S. DEPARTMENT OF ENERGY

BULK VITRIFICATION
OFF-GAS AREA

FDNS - PLANS & SECTIONS

41O6796!'O

FT 8

F

s-i.rn
- I

A - - 27->

SECTION A

e -

Th LII

B

A
F

E

D

C

a

AA

H

1

-

-c

u8 .- 7 1 A5-2986 3 2 1 1



8 7F

F

8 7

6 I 51 I

TER'c. SACKERi 1HAN *3" SE 

ITMI4NGP L)HO 0.OAD,OUN11 1RM6N 0N 6AFSSES

YEN&O0T TO ACO.

OCNN rAkNCE

T-

M5 FAR SENO FAm StE

N3 FAR SMDE(13-)

CM FAR SC

- )AOCR AND CAGE

I I

NO FAM 5DE

NfSEE 00010216

-- - "10 NEAW SE

-2 m

IOJNTING COALS
STACK ELEVATION

3/IVl 0

6
* N.R-G. WTiiY T IST

5

REF NUMBER J

4I

TILE

REVISIONS -

3

4 3 2
*o~j*~ .,.a toi*..wwM oft's 26-9 ~26rS* -~ - ---- - - Ma Am& W
- - - -9*0* Ni - of - 444* *ARa Ito b.~,d An - E - siglol .gnAtt IN.. 64na6 ~.44,C 26
SE*14 ~0 hw.On t~ totoat -M CAN d*NC.gi. *4.-sd - flS.4 0*4 - IooI*ftt. tw.6;~*o
Cop.v n044A

26
- .g.fl ~*640 Micla 126,144 - I.e KNIt' - ~.w'flt .MwIS* ~6-0'- 0*41

NOZZLE No. SEwMCE SIZE PROJECTION
-N

He I

N AN-

w~ m
N2

0 SECTION 1EC T1

4s-

PRWOSED BY FAWR

LONER SECRON OF
FROPOSE BYFAEOCATOR--3

GROUT TOAUGA

2 GROUT

13 T

SECTION C
--RINSATINO -O lUAIO

1. DRM61 To BE REID N0 COHJINC1TI 26114 DATA SREET 145526-V-OS-OSAI

2. M_ NOZZLES TO BE SUPPL.ED YOIIT I sfR. SO. flAOS

3. N2 TO BE COVERV) INUM) CLEMR CtAS COVER c/u MAKET
4. SAMPIE LINES MRE NOT 5101. CONNIECT SRGAJOW PIODES; TO ffMET

LOCAED BY $500 MONITOR WINneR.

5. V TNO To 0050 STACK MINOMWE ASSUMM04 [WOULD) MD WROBED MCHOORS.
FWNOATID4u OEsG(, 50+026 ON; w11 f-41096ftO i eO

R>011112E MOORE1 MISAI FOR P01410610 ACCESS TO ME FLOW .4N

7 STYLE. LOCATIO1 MD SZE OF NOl 0 O BE j030 BY SELECTED MAZOR

NOZZ Lh T E ClONFIE S BY BER

PER Q40 GTO MEWED0 I SECTION 11.0.

V > ENDOR 51461 FROWilDE TAULS OF PENEMWONS THROUGH 6' W*40TER Mel7
STAC ASSEMBLY.

I 0565 STAC 4000. FASRCA TIO TESTIN 1076 K~aB To WEGI WfICV*
145579-'V--SP-OD MI AA SHEET 145579-V-DS-OD5.I.

2 NOTES5 9/SA0

GROUNJD TERMINAL MUTN EAL
I /~i-

IKMIO INK DOSlOnC eCMIo 1-24-S GAr m fi VA /A
o MmD FRG 000265 0004 1'JN 06 961 6.64 { N/A NA

ADO 'OMR 00161 REOCe I i-SO C0 3 N N/A

c M.-

F-145579436-V--0021 H--
&?eV1 7145579--FINAL DBVS DESIGN

-r

2

Nt U.S. DEPARTMENT OF ENERGY

BULK VITRIFICATION
OFF-GAS EXHAUST STACK

DETAILS

w "/ -
1

NI STAUCK DRili 1' sCE tO 4-

N2 SU. INSPECON 4 SCHED 10 4

13 SMPLE TNE ' SCHED 10 4

N4 SMLE UNE 4- SCE04 10 4

NS SAMPLE MEER LiE 20 SCED 10 4 -

Ns SMJPLE EU6N LNE 2" SCiEo 10 
N7 FLOW ELEMEN Z SCHE 10 4'

ND OF-GAS INLET 20" SCE0 10 A3 SHOWN

k 10 Off-GAS mET 20 SC0 10 AS SHOWN

C

r.

A

_H
AS-299

EE

D

C

B

A

H-

RPP-24544 REV Id
1 -I I

I

I I



RPP-24544 REV Id

145579-C-CA-01 5

Attachment 2 (14 pages)

RISA 3D Input/ Output Files
Stack Foundation (Fdn #10)
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Global
Disnlav ections for Member Gales 5

RPP-24544 REV id

OGTS 155 ft Exhaust Stack Mar 26, 2006

Joint Coordinates and Temperatures
Label X [ftfL - Y [ftJ Z[ftl Temp [F} Detach From Diaphragm
NIA _0 _ _0 0

3 N8612A 0 100 0 0
4: N813A 0 155 0 0

N 20 0 43 0 0

Joint Boundary Conditions
Joint Label XL Y[/ol__- [/IPL_ XRot4R-ft/radl- otLk-ttradj Zotik-ftkadp

N1 Reaction Reaction Reaction Reaction Reaction Reaction
2 N8613A

Hot Rolled Steel Properties
SLbt-[ksi jsi_ Nu Thermn01ESF) - - ensity[fft^3] _ YieldksiL.

1 A36 29000 11154 .3 65 .49 36
2 A572Grade50 29000 11154' ' '.3 .65 .49 50
3 A992 29000 11154 .3 .65 .49 50
4 A50042 29000 1654 3 .65 .49 42
5 A50046 29000 11154 3 65 .49 46

Hot Rolled Steel Section Sets
.abel Shape _ Designi-st_ Type____ Material DesignRies. Afin] lyyA _2 ..[n.4 .. [in4]- J[Ki4

HRA WtXI Wide Flange Beam _AS6 ypic _ 4.99_ 356 _ 9_.16

Member Primary Data
--Label I Joint- JJint K Joint Rotate(d.ection/S $bapDt.*esgt tyyp pw__ ater[ _ DeggLes

1- -- _M46 -_ _NI_ NiA _iPip!8Pe I Channe lBeamt_ A36 Typial

RISA-3D Version 5.Od [C:\\...\...\..A.\...\...\OGTS STACK 48 Pipe Fixed Base w P-Delta.r3d]
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Include Shear Deformation Yes

Area Load Mesh inA2 144

P-Delta Analysis Tolerance 0.50%

fHot Rolled Steel Code -AisC: ASD 9th
Cfod FormedStbeetCOde A TSLOS:ASD* -*
NDS Wood Code NDS 91: ASD

Concrete Code ACI 1999

Number of Shear Regions 4

Biaxial Column Method PCA Load Contour
Parmi Bet Fctor (PCA) .~ < 65
Concrete Stress Block Rectangular

|Use Craked Sections Yes
Bad Framing Warnings No
IUnues:d Warnins Yes
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OGTS 155 ft Exhaust StackDMJM H&N Mar 26, 2006

Member Primary Data (Continued)
Label I Joint J Joint K Joint Rotate(d... Section/Shaoe Desin List Tvne Material Desian Rules

3 LM4s< LN1A_N312A LL .|Pipe 48 DA 1/.Wide FlaneBeam A36 - TypicaLn

Basic Load Cases
BJQDescptnX CatngorXrvy Y Gravity_ _fyot jint Distributed Areaa_(e u._tA

FT I DEAD LOAD I DL 1

3 SEISMICX iELZ+X .17
4K Yg2WNDZ7 YI WLZ iv t "- 3'1

Joint Loads and Enforced Displacements (BLC 2: LIVE LOAD)
.int Lal-eL________L -- - - iection Mgnitude[kM-ft inrdks^2 t _

1 N20 L Y -6

Member Distributed Loads (BLC 4 WIND Z)
Memnber.Label ,Diectio ~ $ar Magitudejk/dt deg] - End Magpitude[k/ftdegj Star- Locationft.. End Location ftL

1 M47 Z .059 .059 0 0
2 &M48 Z' A 119 " 119< ''I-

3 M46 Z .119 .119 0 . 0

Load Combinations
- Description Solve PeltaSRSSBLCact.BLCract.BLCgact.BLCact SLCFact fLCFact BLC~actSLCaCI

1 DEADLOAD 'Yes Y 1 1
| 2 DEADLOAD+LIVELOAD..iYes, Y - 1 1 1 2-1 1 3 1 I

3 DEADLOAD+LIVELOAD+. Yes Y I 1 2 1 4 1
|4. LIVE,-LOAD Yes 1 Y: 7- 21 1

Envelope Joint Reactions
Joint X [k] -c---1c--- . c Z [kI --- -MX [k-tJ -. do MY k-t]-cM ZAkt-. -G
N1 max 0 1 45.235 2 0 1 0 1 0 1 431.997 2

2' min'-6.672 6 4 -5 l05 3-1024.934I3V'!0 "1' 0 1
3 Totals: max 0 1 45.235 2 0 1

14 1' min. -6.67. 2 6 4 -15.105 3 I '

Envelope Member Section Forces
Member----- Axia[k_!cy.Sber[kjzex[kL lctorqeLk-ftJ .jq-y-ylent[kSft-1c -Mmentlk-.tIc

1 M46 1 max 45.235 2 6.737 2 0 1 0 1 1024.934 3 431.997 2
2 I minV-6 |41'0t-I -15.266 3~ 0 >11 0 1i 'O 1
3 2 maxi37.557 2 5.432 2 0 1 0 1 695.818 3 287.492 2
4! m in 4" 0 1 -12.4493 0K| >- 10 A1

5 3 max 23.88 2 4.125 2 0 1 0 1 433.606 3 173.991 2
6 minI 04 0 1 -9.6323 0 -i' ' i 0 1
7 4 max16.202 2 2.82 2 0 0 1 1 238.3 3 91.513 2

8min 0 ~4 0 1 -6.815 3i ~0 '11 fl '1 '0 1
9 5 max 8.525 2 1.515 2 0 1 0 1 109.891 3 40.033 2

- 10 m rtin' 0 4' ,o-<1<-3.98 3 '0' |1 ~ 0 1- 0 1
11 M47 1 max 6.908 1 1.193 2 0 0 91.768 3 33.305 2
12.. .._.. ._ ..... _ in '_0_ _4 l _L . 1t -3291.._I . dll IZ Z 0 1 0. . _
13 2 max 5.181 1 .899 2 0 1 0 1 52.094 3 18.923 2
'14< 7'1min 0 4, 0 1 a -2.483; 0 4 WO< 1' 0 

RISA-3D Version 5.Od [C:\.........\.....\..A..OGTS STACK 48 Pipe Fixed Base w P-Delta.r3d]
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DMJM H&N OGTS 155 ft Exhaust Stack Mar 26,2006

Envelope Member Section Forces (Continued)
kMember Sec AxiLk y Shark1 Ic z kSeaLrk o T - l -vMomrent"Ik M ntfk-ft 1c

15 3 m 3axi.454 11 .606 2rI 0 1 0 1 23.574 3 8.578 12

17 4 max 1.727 1 .312 21 0 1 0 11 6.21 3. 2.271 2

19 5 max 0 1 .018 21 0 i 1 0 1 0 iM 0 1
2min~ t0~ 1 . Xt-.a046 3 -tz1 0A 1

21 M48 1 max B525 1 1.483 21 0 1 0 1 109.891 3! 40.033 2

23 2 max 8.121 1 1.414 2! 0 1 0 1 105082 3 38222 2
2A4 mi a1- 733 v 1n
25 3 Imax 7J17 1 1.346 2 0 1 0 1 100.459 31 36497 2

26 mkffI ZK6 44 74 1~ ~-3 625~ 3 0 0 1& - 0 1'
27 4 max 7.312 1 1.277 2 0 1 0 1 96.021 3 34.858 2
'2Kmin 0 4 0 1 -34763 0 1 i 1 A 1
29 5 max 6908 1 1208 2 0 1 0 1 91.768 I3 33.305 2

S3......min. f 41 -a-a l o Y 1 1 t L fl 1

0
RISA-3D Version 5.Od [C:\...\...\...\.......\...\..OGTS STACK 48 Pipe Fixed Base w P-Delta.r3d] Page 4
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Mechwdogry

ATTACHMENT 2

Calculation No.: 145579-C-CA-015

Rev. No.: 2

Calculation Title: DBVS OGTS Stack

RISA model showing Boundary Conditions with Node and Member Labels:

- --- ~=- 2*~>>$> - - sr-~~- A~% ~#

1h;_ _ _ _ _ ~~-

< nt~icosK ProJdcod 2
Me 11,1t+ a seI!:,!,:-

Z1 X

Membt Td sioi Boonday COndAJons

Me~e;DbdoS> Diaphrngms -

Membes

Coaete Re'iong Baocses -

Pia6 sbisses JolrdLoads

PlateFovCes Po#n1t.oads

I Plate CormerFces Distibuted Loads

UltetlaTakeOE - MemberAea Loads

Frequend Plt S ce Loads

N2OI 2A ModeShaoes' - MoingLoads

NIA Load CombInatons

N2O

Reacton IReadimoI ReactI Readhon Readio Redo
NO6I3A I

Results for LC 1. DEAD LOA

~S J~4~t isi.tIbI*

Labktoa e J h udy xsIppti To - icU~ s A~t..jIA7
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=tedmokgy

ATTACHMENT 2

Calculation No.: 145579-C-CA-015

Rev. No.: 2

Calculation Title: DBVS OGTS Stack

RISA model showing Material Properties:

jOsiR~suHb& P ateas

Conei kr OSetLo sels

mireses JointCooates
- ~~~~~~~~~N851 3A elb Tfsn BudyCodUs

Suges*ed Shaps plat"r

PwkreefWQrdOe Jasi oad %

Pta%.Foacs PoW Loads
PlateCcmeForces Distnbuted Loads

MaleIt TakeOff MemnberAea Loads
Ffequenoes Plats Sufacs Loads

NISI2A Mode Shapes __o no Loads

N20

- A52d de5O 1 2900 1154 .3 .65 .49 e I >
A992 29NO0 1114 .3 .65 .49 50

A5042 29000 11154 .3 .5 .49 42
As00_46 29NO0 11154 .3 . . 46

Resut for LC 1. DEAD LOAD

q __r alae_____ ____m___n_ s

~la~h~lm~at~. > -. t it~~t __~ 7177

SJ 6} }rj toensd arf{aasu flueA~D-c t Ri5An -:! - _s35ces ]M M AC5.-L

AS-305
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RISA model showing Basic Load Cases:

$~S st>. st>C~~V ><$* <4A+ - -~ r -

61A- -i - -ians B~oaCoG

01111neIIII AU NONs m

C on~kordng __sktdadcses

z xg amer s -eJsIML Se

Plmarfocoes Poiladm -

Ple Cte Fo0 "sfldLoads

Mliitela flT UemberfePaLoads

Freoundes Flal a L-ads
Modeso -. MoaMoads

amm 00EiA 14Al 4" -1 U. , fDL

SE C } ELi-i !i
-WIND z -

e cai*WcNam- JNA 4wz Aw

AS-306

ATTACHMENT 2

Calculation No.: 145579-C-CA-015

Rev. No.: 2

Calculation Title: DBVS OGTS Stack
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RISA model showing Basic Load Combinations:

~ $At~cb *~ _______________ __

MMEMMEMMMW I

iiSflhiiII~E KalE

I Bas*'tadc"t

I M eCOS
Loa Oaos

lait on

Plt Cne rss

I adeSIgeses

- ------s--- -

------ .66 Y k

DEADLOAD-sELaD+JEOCLADY 1E2 3 1

E A+ L 
1 1 2 I I

OEAI LRA yL~ 1OA 1 mu LO2 1 1 1 4___________

Stonhitn:EynvelINLADI I 2 I

a :LC

W,~' I IE OD 1 y I 1 1 1

L-do enbo~ s asr - - .- - ~ -

0M t~ftis* a - ed w ala ame( <otlasaooes MkL-t a 5-4~r~ fmM

A5-307

ATTACHMENT 2

Calculation No.: 145579-C-CA-015

Rev. No.: 2

Calculation Title: DBVS OGTS Stack

V x

NBG1 3.

NS51 2A

MIA

N2U

7r41

I

hfl*Y,



RPP-24544 REV I d
Project Number 145597

Page 9 of 14

ATTACHMENT 2

Calculation No.: 145579-C-CA-015

Rev. No.: 2

Calculation Title: DBVS OGTS Stack

RISA model showing Z-Direction Wind Loads:

5ke-~Jo& AA'~4sS>-V

Z-D
-gpjftWp

~~aEf~jj~

Loads: GLC 4. ANDZ
Souon: Emvelope

PWesridSapss,Uasteianake

DsiO#tsufs-.

Conrete tinou
Plae SFones

seoflisis

Etes

Penorkeloads

[eaneat

Plate Suitace Loads

Lad iaalos
[L dene Area t-a

~~~rr* U p -i~o. wla

A5-308

y x
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21 rn

119wn

12
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ATTACHMENT 2

Calculation No.: 145579-C-CA-015

Rev. No.: 2

Calculation Title: DBVS OGTS Stack

RISA 3D showing Dead Load Reaction and Center of Gravity:
all . Im- - 11 01 1: :ex

MM~iiMM ki A

WE, N5 VL- i -

Ueoritors Feifoo&
iali'iin

PmeComerotm is
iUater!iMTakeOff

Mo Sthaes>

X

jjiffbued OAdS

UemheteaLda
PIM &91-Loods,

- -~ -gil

r j. m 2o an364 20 o e
s t L --- - -"-- -- 1-- 0 -0 -

1 COG i xI )C 0 r63 z o -

#s etflr i cn Jmsmc f Mfo A t I xjiassno f.IL | i o s si- flAr-iiio- >e M 1 s -

A5-309

z x

I '463A

N851 2A

Ni A
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RISA 3D showing the Maximum Deflections w/o Stiffening

b on't.NW--rz

- _Q Joint Xr Ic~ fbii I. Ztl It XR.. k YRoti I- Z~at. ft
1- N613A ma 7 098 2 001 4 3 1416e 3 0 1 0 1

ro.M 1-03 2 0 1 0 1 0 15 I4e- 2 -

NSol2Ara3.593 2 -001 4 8725 3 108 3 0 1 0
64 mm 0 1 012 0 1 0 1 0 1 40T-I-
NIA max 333 2 001 4 8078 3 1072 3 0 1 0 1

n a 1-012 0 1 0 1 0 1 363e- 2

1M20 ma 985 2 001 4 217 3 744 3 0 1 0
min 71007 I 92 -0 1 8 7 0 1 .3185e- 2

*N ma 0 2 0 4 a 3 i 0 1 0
.106 min 0 1 2 1 0 1 0 1 0 2,

N961A I
Ni A

- >pjoij-JOMntniRen

PlWmer Forms

Mambel Tak"on

fleer t~efins
Suggested Shapes

DesiigRestt-

mo~eeenodg
r lt~rse

N20

741

Solubon Eovelope

ATTACHMENT 2

Calculation No.: 145579-C-CA-015

Rev. No.: 2

Calculation Title: DBVS OGTS Stack

Y X

-- ? --- -0-6-- - 4 - - - - ILEZ I

PBW undaW Leads
BoasIcIadCases

i~tb~teads
Pebr aittods

Moale g Lufc oads

Load Coiibinaions

I1

dened _k_ hLivba d1r- - -

es.eg g i c~o-isa i e |cs El :on [-R ssaotc-|-sao es 1oASsfrm [C fo | l G -, s~e m
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ATTACHMENT 2

Calculation No.: 145579-C-CA-015

Rev. No.: 2

Calculation Title: DBVS OGTS Stack

RISA 3D showing Maximum Enveloped Reactions using (15) Support Locations

f ~ -t A I [ 1 C 1- -

N8613A PLA ocsx toei Rbtdo

Plmaee seses

sA Plate sefres

Ill A Plate ComierForces

fequenc5p

Secton Sam,

Pates

Jolouads.

oibnfLoads

lAfn bSkefaMLoadS

OadM * om

LaioadCials

Jo5t ad

N20

mar 0 1 1 4235 12 0 1 0 1 0 1 419
2 mn 66 2 4 1505 0 102 'I00

- e .67 ' A 3=03 t

ri -6 2 6 14 A5105 _3

Sohfon Eelo e l

}Ebc -g & s ---E- -[ --.

A5-311

Zp=7

7
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ATTACHMENT 2

Calculation No.: 145579-C-CA-015

Rev. No.: 2

Calculation Title: DBVS OGTS Stack

RISA 3D showing "Enveloped ASD Steel Code Checks" Results

RPM M Fa>Fr A

PCoe iintCon

latine sas

Il7ii@Weiirto
- qeitai

odSflpoWer

Led*tr ad

- - 1eieLdd

Ho~~~~~1 0oe~ 1rdnmd u W1o C11& e 1oe onn

u 07 0 .07 0 3 21296 206 216 21.6 1,75 A5 6 2

Sokmwn:Envope

E. W1M

I II.

A5-312

V NS613A

N61 'A
NIA

N29
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ExitGkUdtiS Vm

RISA 3D showing the Maximum Moment on the OGTS Stack at the Foundation
.e S S e* T k-M -

ma I 01 45235 2 0 1 1 0 1 431997 2
mi -657 2 5 415105 3 10249 3 0

Tawss: muj 0 [ 45235 2 0 1

MJ Leber y BediaomertWs i 1*(k- _ __ _ _ __ _ _ __ __ __ _ _

, Desigiesut 
_

JdintReadnlsor

| lailfts
Plater Focs

FrMembe Stses

SuggsedShaps
0esounResutls

concae&Reioda

Pla Forces-

PI Ceomrfons
Matedial TakeOt

Frequencies
Mode Shapes

IMIMMilwik
JPoJtCGads

Section sets
Design RUles:

J300Coordnawes

utmbers
PRates

Point Loads

DistbutedLoads
Pltne fac ads

Moving Loads

ELdC- bnasn

ATTACHMENT 2

Calculation No.: 145579-C-CA-015

Rev. No.: 2

Calculation Title: DBVS OGTS Stack

11

91.8
109l

10249

QM 4 --- '.Z.

_ _ _ _ _ T,

$ jj~~~~~~~~~~ C:Wr-Z-jR5A3 Wo lanfak~ ~ ~ - i
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Stack Vendor Calculation (Fdn #10)
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Project No. 4697.1
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Calculation Number4697.1
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For
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MEIER Enterprises, Inc. Project No. 4697.1 Page:.3.of 3/
8097 Gag Bouead Kewid, WA 9933-

.- , ho 509 735.5 btS0t7BiS'75 Date: 2dfi6 By: 7/7 Checked By:JLL

Customer Job Number 145579 Calculation Number. 4697.1

Customer: THOMPSON MECHANICAL Job Description: Steel Stack

1.0 INTRODUCTION

1.1 Purpose

This calculation consists of structural calculations for a 155'-0" tall steel exhaust stack to be
placed on the Hanford site, Washington. The stack is part of the demonstration bulk vitrification
system project

1.2 Scope

This calculation is limited to the steel stack and the anchors of the stack to a concrete foundation.
The concrete foundation and all inlet piping equipment are beyond the scope of this calculation.

2.0 Basis

2.1 Design Inputs

1. Technical Specification 145579, REV. 3, written by AMEC.
2. Drawing No. F-145579-36-V-0021 Rev. H showing 155'-0" tall, 2'-0" minimum diameter

steel exhaust stack
3. Exhaust stack technical data sheet

2.2 Criteria

1. Design Loads:
a. Design Wind Speed, 85 mph, exposure C, I = 1.15
b. Snow Loads: use 15 PSF ground snow load
c. Live Load applied to catwalk: 50 PSF
d. Seismic Loads per 1997 UBC for zone 2B, and soil type SE, IE=1.25
e. Maximum exhaust stack temperature = 372* F, Minimum temperature = -25* F
f. Corrosion Allowance = 1/16"

A5-318
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Customer Job Number 145579 Calculation Number 4697.1

Customer THOMPSON MECHANICAL Job Description: Steel Stack

3.0 Methods

1. Each unique cross-section and / or elevation throughout the height of the exhaust stack shall be
analyzed to determine its state of stress utilizing the methods outlined in ASME STS-1. Loads
shall be combined as outlined in ASME STS-1. These stress values shall be compared to
allowable stress values to confirm that each individual cross-section is not overstressed.

2. The connection between stack sections shall be analyzed to determine the number and
arrangement of bolts. Bolts shall be sized per AISC ASD 9.

3. Special structural checks that are unique to steel stacks shall be checked as outlined in ASME
STS-1, such as Ovalling Oscillation and Vortex Shedding induced by wind loads

4. The size, quantity, and embedment depth of the cast-in-place concrete anchors required to
connect the stack to the concrete foundation, (by others), shall be designed per AC! 318
Appendix D. The method presented by ASME shall be utilized to determine the maximum
anchor bolt tension at the stack base.

4.0 Calculations and Analyses

See attached hand calculations.
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MEIER Enterprises, Inc. Profect No. 4697.1 Page:Lof !L
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Customer Job Number 145579 Calculation Number:4697.1

Customer. THOMPSON MECHANICAL Job Description: SLeel Stack

5.0 Results and Conclusions

The steel stack shall have the following design characteristics:

1. The stack shall have an overall height of 155'-", and shall be fabricated in three segments.
The top segment shall be 53'-0" long and fabricated fr6m 24" diameter schedule 20 pipe. Pipe
material shall conform to ASTM A53 grade B. The middle segment shall be 4'-0" diameter
and fabricated froml/2" thick steel plate and shall be 42'-0' tall. The lower segment shall also
be 4'-O" diameter, 1/2" thick, and be 60'-0" tall.

2. The upper segment shall have 1/2" thick 3" wide stiffener rings at 10'-0" C/C. The lower two
segments shall have the same stiffener rings at 12'-0" C/C. These stiffeners are placed to
negate the effects of ovalling oscillation.

3. The upper segment shall have helical strakes. These strakes are intended to negate the effects
of vortex shedding.

4. Both the segments shall be connected together using (12) 7/8" diameter ASTM A325 bolts.
The bolts shall bear on a I" thick 3" wide ring bearing plate. 1/2" thick, 12" long stiffener
plates shall be placed on either side of the bolts. The bottom bearing plate shall match the
upper plate. See page 45 of the SMACNA stack manual for a similar detail,

5. The connection of the lower segment to the concrete foundation shall be similar to the other
connections except the upper bolt bearing plate shall be I" thick and 6" wide and the bottom
plate shall be a solid circular plate 5'-0" in diameter. The lower bearing plate shall be 60" in
diameter and I" thick. The stack shall be anchored using (15) 1 3/4" diameter ASTM A307
rods. 52" below the top concrete surface a 8"x"x3/4" plate shall be connected to the rods with
double nuts.

6. Breeches at 20" diameter pipe penetrations shall utilize a 3" wide, 1/2" thick doubler plates all
around the breeches. L4x4x3/8 angles shall be paced vertically adjacent to the doubler plate.
These angles shall extend the height of the breech above and below the breech locations. A
stiffener ring as described above shall be placed above and below the breech. Other smaller
breeches shall utilize similar detailing.

7. The concrete foundation that is to support the stack shall be a minimun 17'-6" square and 58"
thick. The concrete foundation shall have a top mat of steel above the anchor bottom plates.

. The footing shall be proportioned such that the top surface shall not crack at service loads.
8. All steel plate shall conform to ASTM A36. All plate in "end-to-end" contact, such as the plate

to used in fabricating the cylindrical stack segments, shall be connected together using full
penetration groove welds.

9. All welds shall be special inspected. All welding shall comply with AWS DI.1 and be
performed by AWS certified welders using E70XX electrodes.

10. All bolts shall be placed per the "turn of the nut" method as described in AISC LRFD 3'd
edition. No special inspection of bolt placement is required.
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Project No. 4697.1
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THOMPSON MECHANICAL

Page:...of 4IL

By: J2.'t . Checked By: _14k

Calculation Number 4697.,1

Job Desciption: Steel Stack

5.0 Results and Conclusions (Continued)

The results of the structural evaluation of the stack are summarized in the below table. The design
allowable, and actual stress or capacity are compared.

Description Applicable Code Design Allowable Design Actual Result
Normal Stress at Both AISC EQ Scl = 24 Ksi Normal Stress = 5.75 Ksi
base of upper H11-1 and ASME Fa = 5.83 Ksi Axial Stress =.25 Ksi OK
section EQ 4.8 or 4.9 Fb =23.76 Ksi Bending Stress = 5.5 Ksi

Interaction Equation =.28
Normal Stress at AISC EQ HI-I Fa = 5.54 Ksi Axial Stress =.30 Ksi
base of upper Fb= 19.3 Ksi Bending Stress=6.55 Ksi OK
section Interaction Equation =.41

(With Corrosion
and Temperature)
Normal Stress at ASME EQ 4.8 or Scl =23.6 Ksi Normal Stress = 9.22 Ksi OK
tower base 4.9
Normal Stress at ASME EQ 4.8 or Scl= 19.24 Ksi Normal Stress = 10.5 Ksi OK
tower base 4.9
(With Corrosion
and Temperature)
Normal Stress at ASME EQ 4.8 or Scl = 23.6 Ksi Normal Stress = 9.3 Ksi OK
breech 4.9
Normal Stress at ASME EQ 4.8 or Scl= 19.24 Ksi Normal Stress= 10.1 Ksi OK
breech 4.9
(With Corrosion
and Temperature)
Vortex Shedding ASME 5.2.2 (a) Strakes and stiffener rings provided OK
Ovalling ASME 5.2.2 Strakes and stiffener rings provided OK
Anchor Bolts at AISC ASD 9 , A(Req'd) = 1.52 A(prov.) = 1.90 in^2 OK
base (steel stress) inA2
Anchor Bolts at ACI 318 APP. D $Ncb = 57.4 K Nu = 55.63 K OK
base (Concrete
Embedment)
Concrete Bearing ACI 318 4Nbr = 161.5 K Nu = 64 K OK
Stress
Connecting Bolts AISC ASD 9" Tmax = 26.5 K T - 20.9 K OK
at upper segment 777_ _ _ _ _ _ _ _
Connecting bolts at AISC ASD 9" Tmax = 26.5 K T -25.0 K OK

1 lower segment
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6.0 References

Documents:
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2. ASCE 7-02, Minimum Design Loads fopr Buildings or other Structures
3. ASME STS-1-2000
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5. SMACNA Steel Stack design Manual.
6. AISC ASD 9"
7. AISC LRFD 3d
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I (ft.) 
(ft. 

( It.
Iknis wift elevated tanks or stucks. 48a deep tundauon rew'd
AMP Alea Support slructure 44 26 4 PC-2
(slab directy under mett Is 24- thkk) I
Wfaste Drerstucre 14 pz-2

OfN-gas Stac(75'x2) 16 16 4 PC-2
Baghouse could be on top ol
soil tank and therefore high

PC-2 if a separate enough Itself. Mech to
Baghouse Stack (40'x1' _ 8 4 stack. detcmine.

Items Mat are considered pernanentr and requlre 24 deep foundations
TdMer scrubber 36 30 2 GS (PC-1)
Seledive CataIlic Reduction Unit PC-2

SCRScubber . wiT CR)

Any P uineered buildings GS (PC-1)

Items tat are considered temporary, but will b anchored to prevent movement

60x12 Off-Gas Trailer 64 151 2GS (PC-2)

32xl2 elect trailers (2) (13.8 kV and Power Modu 34 14 1 GS (PC-1)

32x8 elect trailers (2) (both 480V) 34 10 1 GS (PC-1)

40x8 control trailer 42 10 1 GS (PC-1)
22x9 Generator set 24 111 2W G PC

10.O0 uso Diesel fuel storage tanks (2) 34 10 2 GS (PC-1)
Baghouse near4astack 8 8 2GS(PC-I)
AirCompressor package 10 8 2 GS (PC-i) tOM6

30x8 Liquid Waste Pump skid 32 10 1 PC-2 Anchored
30x8 Effluent pump skid 32 10 1 GS (PC-1) C
Waste dryer steam supply skid 22 10 2 GS (PC-1)
Dryer Chilled Water System 22 10 2 GS (PC-1)
OGTS Chiller 11 6 2 GS (PC-I) tQI
Ammonia evaporator skid _ GS (PC-I)
Sintered Metal filters PC-2

Items that are considered temwporary and which may not requiresanic ogo
tCV hood suipport stand GS (I-1

ASl non-pducton portable buildinms (offcailwashmrnmch2MNgench) GS IPC-1) .

Al MBaker"tanks wempt Fuel 3=rGg (P..0-..).

Storage and other similar ISO containers GS (PC-_)

Other site development concrete or paving
CV Box Storagearea concrete pad
Concrete paved area at box receipt
DBVS North access road
rDmVwS Wet sk rnoud - (I. fhere room fir thisfl?

to be determined
to be determined

24
.-.
0.5

Fencing to surround site -gates at ruck entry jj_ _ dapt vai

Attachment:
Calc. No.:

-Rev. No.:

0.51 %IIct

145579-C-CA-OIS
QrZ_ A4,t6-flt.

AS-348

Foundation Chart March ii, 2004.xs Irepared bpaul.mey 01112/2005 Page 1
II
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Attachment 5

E-mail Dec 17, 2004 from Brad Hupy, P.E. (author
of DBVS Geotechnical Report) to P. Meyer
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Paul Meyer (Trail)

From: Brad Hupy
Sent: Friday, December 17.2004 2:47 PM
To: Paul Meyer (Trail)
Subject: RE: Questions about the soils and report at Hanford

In order to have frost heave three things are needed; water, low temperature, and soil fine for enough for capillary potential
to raise the water to the freezing front. Because Hanford Is a near desert climate, there Is little water near the ground
surface. Within a The tabulated capillary rise for fine sand is in the range of 1 to 11 feet and for medium sand In the range
of 0.3 to 1.5 feet. Hanford certainly Is cold enough In the winter to freeze water.

The little water in the near surface soil does freeze but the associated heave is negligible. The sand will not support
capillary rise of several hundred feet that wotild be required to produce (feed) a growing freezing front and cause
damaging heave. In our opinion, there Is little risk of frost heave in the soil at the project site.

-- Odgnin Masae-
From: Paul Meyer (rral)
Sent: Fdday, December 17, 2004 1:47 PM
To: Brad Hupy
Subject: RE: Qesions about the soas and report at Hanford

Question: Is it possible to state that a soil identified as OSP" (te. sand with few fines) will not be subject to frost
heaving? Especially if it is very deep (e.g. our site at Hanford)

-Paul
-- Orgnal Message- Attachment: 5~
From: Brad Hupy Cac. No.: 145579-C-CA-015
Sent Tuesday, Cecember 07, 2004 9:09AM Rev. No.: -3 M/W-3-l-a
To: Paul Meyer (CrrA
Cc: Tony Helm Sheet I of g
Subject: RE: Questons about the solls and report at Hanford

Paul,

This Is really pretty simple. The frost depth cited In our report is from statewide tabulation. If Hanford has
determined and published site specific frost depth measurements then they may be used in lieu of the tabulated
data. Site specific data Is commonly used in this Is way. A very good example Is seismic ground motions.

-- oigInal Message-
. From: Paul Mey (frao)

Sent: Monday, December 06, 2004 4:33 PM
To: Brad Hupy
Ca Tony Heim
Subject: Questons about the sofs and report at Hanford

We are still awaiting approval from the lndependent Qualified Registered Professional Engineer* (IORPE)
who Is checking our foundation designs to ensure they wil satisfy all design criteria.

He has raised the following pointslquestions:

Your report Indicates a frost depth of 45 inches for granular soil and recommends a foundation depth of 48
Inches for critical structures. This Is at odds with Hanford's'own measurements (See pages 26 through 28 of
the attached Hanford document) which indicate that a temperature of 32 F has never been achieved at depths
of only 36 Inches. This Is causing some problems for us, as the IORPE wants us to conform to the
requirements of the Geotech report In addition to Hanfords own design criteria

For your Information, we have three types of foundations on the site. Foundation depths below grade are 45.6,
36.6 and 21.6 Inches. Actual concrete thicknesses are 48, 39 and 24 inches, with the top of concrete set at
663.00 feet. while surrounding grade is at 662.8 feet.- We removed the native soil to elevation 661.000 and

1
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brought the local grade up to 662.8 with compacted crushed rock.

The four 48" foundations consist of two chimneys, and two large steel structures. These are an "critical
stnictures to use the phrase from your report Foundations are uniformly 48" thick, and are IO'xi2 and
20'x30' feet for the two chimneys, and 30x44 and 24x62 for the two steel structures. Foundations are not
enclosed.

The single 39" foundation is a pre-engineered building, measuring 50 feet wide by 84 feet long by foundation
consist of a single 12" thick stab with a thickened (to 39") edge. The building will be heated, and have an
overhead crane.

The many (-100) 24 deep foundations support single pieces of freestanding equipment or "utility poles that
are connected by pipes, cable trays and ducts. Foundations are uniformly 24" thick and vary in size from
44x24 to 6x6 feet Most are the 6x6 ones. Minor seasonal movement of the foundations would not be a
problem. Actual gravity loads are quite light, typical values are substantially under 250 psf, yes, that's 250, not
2500. Foundations are not enclosed. -

A the foundations will bear on compacted native soil, which was prepared as recommended in your report.
As noted, the native soil is basically a gravelly sand, with few fines. I don't believe it Is frost-susceptible.

Could you please reply to the following qbestions, raised by our reviewers?

1) Is the frost depth of 45 inches correct? Seems deep compared to other references.

2) Is the frost depth of 45 inches stiN valid, given we have removed some native soil, and the surface is now
covered with 1.8 feet (21.6") of compacted crushed rock? Does the crushed rock make a difference?

3) Are the depths of foundations shown above for the various types of foundations suitable for the uses
described?

4) IS frost heave an issue for the foundations as described?

Thanks for your help on this. NIl be traveling to Hanford on Tuesday Dec 07, for a meeting Wednesday, Dec
08. 1 iln have e-mail access while there. I will be traveling back to Trail Thursday, Dec 09 and back in the
office Friday, Dec 10. Best way to contact me is via e-mail until Friday, phone after that.

Paul Meyer, P.Eng.
Senior Structural Engineer
AMEC Americas Linited
Energy and Mining Division
1385 Cedar Avenue
Trail BC Canada V1 R 4C3
1-250-368-2407. fax 2455
paul.meyer@amec.com

<c File: HNF-SD-GN-ER-501 (Rev. 1).pdf >>

Attachment 5
Cac. No.: 145 579-C-CA-015

-Sheet 2 of 2
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145579-C-CA-015

Attachment 6

Stack and Equipment Vendor Drawings
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DESKETA

ESPEY BURCMANN
SHAFT SEAL

-

-
I'

-6

NOTE:
ROBINSON TO SUPPLY COMPLETE BENTLY

NEVADA SYSTEM INCLUDINC RACK WITH
MONITORS FOR MOTOR RTD'S ALONG WITH
FAN RTDS FOR BOTH PANS. RACK WILL
ALSO INCLUDE MONITORS FOR 2 PROXIMITY
PROBES PER BEARING (RADIAL OPPOSITE
DRIVE END FAN BEARING) AND 1
ACCELEROMETER (RADIAL) ON DRIVE END
BEARING. THERE WILL ALSO BE MONITORS
FOR AXIAL ACCELERATION PROBE ON
COUPLING FACE FOR BOTH FANS. ONE RACK
WILL INCLUDE MONITORS FOR BOTH FANS.
COMPLETE PART NUMBERS AND
DESCRIPTIONS TO BE PROVIDED ON DRA WING
DA-59RB1806-5-104-1 UPON RECEIPT OF
INFORMATION FROM VENDOR.
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NOTES CONTINUED

10. EXPANSION JOINTS IN ALL DUCTWORK
AND PIPING TO AND FROM PAN ARE
REQUIRED. THESE JOINTS ARE TO BE
IMMEDIATELY ADJACENT To THE FAN.
CUSTOMERS DUCTWORK MUST BE I
STRUCTURALLY ANCHORED WITHIN
APPROXIMATELY 24 OF ErXPANSION
JOINT.

it. FAN IS TO BE WELDED PER ASTir
D14.6 AND Df.. QUALIFIED WELDERS
ARE REQUIRED.

I. FAN HOUSING TO BE DESIGNED FOR
5OPSI CONTAINMENT.

1Z FAN HOUSING TO0 BE CONTINUOUSLY
WELDED INSIDE AND OUTSIDE. P
BASE TO BE STITCH WELDED.

14. WELD MAPS TO BE. PROVIDED BE4ORE
FABRICATION IS TO BEGIN.

IS. CERTFIED WELD INSPECTION IS,
REQUIRED WITH DOCUMENTATION

16. FAN HOUSING TO RECIEVE A PRE ESURE
TEST AT 1.25. FAN OPERATING
PRESSURE (SOAP BUBBLE TEST)!

$7. OVERSPEED (10 rin.) TEST REQUIRED
AT 4083 RPM (115% OF OPERATINC)

18. FAN TO HAVE A I HOUR MECHANICAL
RUN TEST. , .

to. SOUND TEST REQUIRED I AMCAl 300.
20. COVERS OVER INLET AND OUTLET

REQUIRED FOR SHIPPINC. DRAIN TO BEI
PLUGGED.;

21. ROBINSON TO SUPPLY LUBE POWER
CIRCULATING OIL LUBE UNIT. 'OUEL
NUMBER LI-2x.5[2OJ/2x.1f903W-2K
-OKW-CS/CS-NEMA 4. 2x.5- cpM
4000 BTU/HR. HEAT LOAD DISSIPATED
ONE LUBE OIL SYSTEM WILL HANDLE
BOTH CW AND CCW FANS.

t OUTLET FLANGE 4

T ATG BASED ON
4 150 . Fuae

- DRILLING)

- -RAW

403

EAIn BFD

DRIVE SIDE 180M

CLOCKWISE ROTATION

UNITS PER ORDER..-E
ERT OF FAN UNIT DILL BE SIPEP ~ DCERTFIED FOR
LO D EARINGS AEOGNED MA0IM vIm OUTET 1RSiMs4 To O ASSEM YOUR ORDER

S NOT 10 AMBIENT 7 tUE tP wosE -S UR JOB No 1097
IN VIGL BY -S DATE

OE D 0OT M SJSSIIJE OR
ETS AND LJIA ME R

8

C00R A NG0ATO772-W
FAN PERFORMANCE

MA1Mtm FAN 0ESGN TEPERAIUV4E 250V 0 350 RPM
1.1 I L~~i

11.4 121.0 .0374 245. 1 i

4 3

MATERIAL LIST

~Ac U.z0j6

IRtEL. & SHAFT ne* - 791 EM. jt

R ROBINSON
INDUSTRIES.INC

ZELIENOPLE, PENNSYLVANIA 16063
TYPE WrI-ll/lstIUOE 06 mTir ""

FOR A Se tARTIF & DOMEQMETAL L
RICARD, WA

WY DATE AL DMENSIONS ARE M M SCE
)RAW riS 4-l

DA-58RB1806-5-O5-a -j-

S J

DETAIL 'A-
WEEL TO INLET PIECE CLEARANCE

WHEEL MUST BE LOCATED THAT ALL EXPELLER
VANES CLEAR CASING SIDE BY A MIN. OF Wr

SOME FIELD ADJUSTMENT MAY BE NECESSARY
TO OBTAIN ABOVE CLEARANCES

MVSCO
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c

r

S

if
lb
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H2E ISB tIO1 m|EmCRaPmNtm
S 2 SEWRIG B4i- N4|O STEEL MATEMAL .

A URAB- HALF * ASt. ? OECWOt*4GND! UJ

A -1 UM-W.E Th A PA
-PRx wt. or nat- sot.

C I AEEI.- A-36 MA1E NM
C -I SIAn- =15 l1 cItS
CGA I O l SA.- ESPEY-URGM S"AFT SEAL-

. WE W|DS/20/4N04. EPy-RGMNN S4AfT
SEVE- Pl M)SO 20/ 4 4 RNGS-UAEA
AmIIW4y I~MRGATED GWPUE INDI m"81 w
SPRING. sI PETA. W

DO 1 EUNG- PONF-316 NT SQUEE FIM DAMPER
DIE EN BEARING (FWDE)- 63W-"3 hn

DOM. OPOSIIE aomW END BEAING G<lAT)-
wJ216d/c3 fi DONaE TO BE ICAED

VN sm Em 0 -

1.tSW. EtS V INSA- IWVRUR VIWtf BEARIN
RTS STAO: WINNG RTiS 0 PANT

011ADS.AOOETER FRAME MAAL3 OER

04 1 C UPNG- 1E4OL PM-3FA HALF BORE- m +.000 -. 0000
KAY- %*xi

MOTOR AME DORE- 2.623 +.010 -.0000
KIWAy-.% 7

DID DrwDt- ra.-I
Dig -2 TlEC $1080-A-12-S-A. PLA.M, 16n*ms

Ot flNCE ELEMENT

TWA 2 T-EC 51060-33 SPRNG LOADED tu ING c/w

] 2 T-iw FOSO- 0EAVAR PROOF I E OC/w
I 10T6F- A-36 NALUB

NOTES:
1. FAN TO BE FABRICATED PROM A-36

STEEL MATERIAL. WITH WHEEL AND
SHAFT TO BE AS NOTED ABOVE.
CERTIFIED MATERIAL REPORTS REQD
FOR ALL MATERIAL AND FASTENERS.

2. ALL MILD STEEL TO BE CLEANED PER
SSPC-SPIO AND PAINTED WITH ONE
PRIME COAT OF CARBOZINC II WITH A
TOP COAT OF CARBOLINE CARBOGUARD
888. FINAL COLOR TO BE CRAY (0700).
LIFT LUCS ON FAN TO BE PAINTED
SAFETY YELLOW (0600)

3. FAN HOUSING TO BE SPLIT FOR
WHEEL AND SHAFT REMOVAL

4. CASET MATERIAL TO BE ZETEX TAPE.
5. TOTAL APPROX. WHEEL AND SHAFT

WEIGHT= 390 tbs-
6. TOTAL APPROX. FAN WEIGHT INCLUDING

MOTOR AND BASE= 11250 No.
7. ROBINSON RECOMMENDS A CONCRETE

MASS UNDER THE FAN OF 56250 lbs.
8. MAXIMUM DYNAMIC LOAD ON FIXED

BEARING BASED ON .25 IN/S.
VIBRATION AT 3550 RPM=54 LBS.
MAXIMUM DYNAMIC LOAD ON FLOAT
BEARING BASED ON .25 IN/S.
VIBRATION AT 3550 RPMa175.8 LBS.

9. BEARINGS ITEMS DB AND DS ARE TO
BE CIRCULATING OIL LUBRICATED.
USE ISO-V-32 OIL.
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DETAIL *A'
WHEEL TO INLET PIECE CLEARANCE

WHEEL MUST BE LOCATED THAT ALL EXPELLER
VANES CLEAR CASING SIDE BY A MIN. OF r,-

SOME FIELD ADJUSTMENT MAY BE NECESSARY
TV OBTAIN ABOVE CLEARANCES
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DETAIL "B"
ESPEY BURGMANN

SHAFT SEAL

NOTE.
ROBINSON TO SUPPLY COMPLETE BENTLY

NEVADA SYSTEM INCLUDING RACK WITH
MONITORS FOR MOTOR RTD'S ALONG WITH
FAN RTD'S FOR BOTH FANS. RACK WILL
ALSO INCLUDE MONITORS FOR 2 PROXIMITY
PROBES PER BEARING (RADIAL OPPOSITE
DRIVE END FAN BEARmc) AND I
ACCELEROMETER (RADIAL) ON DRIVE END
BEARIN. THERE WILL ALSO BE MONITORS
FOR AXIAL ACCELERATION PROBE ON
COUPLING FACE FOR BOTH FANS. ONE RACK
WILL INCLUDE MONITORS FOR BOTH FANS.
COMPLETE PART NUMBERS AND
DESCRIPTIONS TO BE PROVIDED ON DRAWINC
DA-59RB1t80-5-104-I UPON RECEIPT OF
INFORMATION FROM VENDOR.
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NOTES CONTINUED

10. EXPANSION JOINTS IN ALL DC!R
AND PIPING TO AND FROM FAN AR
REQUIRED. THESE JOINTS ARE TO BE
IMMEDIATELY ADJACENT TO THE PAN.
CUSTOMERS DUCTWORK MUST BE
STRUCTURALLY ANCHORED WITHIN
APPROXIMATELY 24' OF EXPANSION
JOINT. I

-P. FAN IS TO BE WELDED PER ASTMi
B 14.6 AND D1.1. QUALIFIED WELDERS
ARE REQUIRED.I

12. AN HOUSING TO BE DESIGNED FOR
SOPSI CONTAINMENT.

13. FAN HOUSING 70 BE CONTINUOUSLY
WELDED INSIDE AND OUTSIDE. FAN
BASE TO BE STTCH WELDED.

14- WELD MAPS TO BE PROVIDED BEFORE
FABRICATION IS TO BEGIN.

I5. CERTIFIED WELD INSPECTION IS
REQUhIRED WITH BOCIJMENTATIONJ

1T, FAN HOUSING TO RECIEVE A PRESSURE
TEST AT 1.25x FAN OPERATING
PRESSURE (SOAP BUBBLE TEST),

17. OVERSPEED (10 i,.) TEST REQUIRED
AT 4083 RPM (liS% OF OPERATIN)

18. FAN TO HAVE A 1 HOUR MECHAAL
RUN TEST.

Is. SOUND TEST REQUIRED TO AMC4 300.
20. COVERS OVER INLET AND oUTLET

REQUIRED FOR SHIPPING. DRAIN TO BE.
PLUGGED.

21. ROBINSON TO SUPPLY LUBE POWER
CIRCULATING OIL LUBE UNIT. MODEL
NUMBER LI-2x.5f20J/2x.1[901W--2K
-OKW-CS/CS-NEMA 4 2x.5 GPM.
4000 BTU/HR. HEAT LOAD DISSIPATED
ONE LUBE OIL SYSTEM WILL HANDLE
BOTH CW AND CCW FANS.

F

swm #UNITS PER ORDER -0"
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NOTES:
P. FAN TO BE FABRICATED FROM A-3
STEEL MATERIAL. WITH WHEEL AND
SHAFT TO BE AS NOTED ABOVE.
CERTIFIED MATERIAL REPORTS REQ'D -

FOR ALL MATERIAL AND FASTENERS.
2. ALL MILD STEEL TO BE CLEANED PER

SSPC-SPO AND PAINTED WITH ONE
PRIME COAT OF CARBOZINC II WITS A
TOP COAT OF CARBOLINE CARBOGUARD
888. FINAL COLOR TO BE CRAY (0700).
LIFT LUGS ON FAN TO BE PAINTED
SAFETY YELLOW (0800)

3. FAN HOUSING TO BE SPLIT FOR
WHEEL AND SHAFT REMOVAL.

4. CASKET MATERIAL TO BE ZETEX TAPE.
. TOTAL APPROX. WHEEL AND SHAFT

BRIGHT= 390 lbs.
6. TOTAL APPROX. FAN WEICT INCLUDING

MOTOR AND BASE- 11250 l8.
7. ROBINSON RECOMMENDS A CONCRETE

MASS UNDER THE FAN OF 56250 Do.
8. MAXIMUM DYNAMIC LOAD ON FIXED

BEARING BASED ON .25 IN/S.
VIBRATION AT 3550 RPM=54 LBS.
MAXIMUM DYNAMIC LOAD ON FLOAT
BEARING BASED ON .25 Ri/S.
VIBRATION AT 3550 RPMI175.8 IBS.

9. BEARINGS ITEMS D8 AND D9 ARE TO
BE CIRCULATING OIL LUBRICATED.
USE ISO-V--32 OIL
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THESE DOCUMENTS ARE THE PROPERTY OF
BUSBY MARINE & TANK INC.
IT IS TO BE USED ONLY FOR THE PURPOSE OF WHICH IT
WAS LENT AND MUST NOT BE REPRODUCED WITHOUT
WRITTEN PERMISSION OR USED IN ANY WAY DETRIMENTAL
TO THE INTEREST OF THIS COMPANY.
IT IS SUBJECT TO RETURN UPON REQUEST.
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DESIGN CHANGES
Customer requested design changes after the design has
been completed will incur additional costs and may
affect delivery date.
No design changes are allowed after production has
begun.
NOTICE:
Exhaust Stock will be invoiced 30 days after its completion
or upon delivery if sooner. Storage fees will also start to
accrue 30 days after scheduled delivery.
If stack was not completed on time storage fees
will not start accruing until 60 days after completion
(For details see our standard terms and conditions)

AUTHORIZED CUSTOMER SIGNATURE TITLE DATE

UNLESS OTHERWISE SPECIFIED:
NOTE:
1. ALL CONSTRUCTION SHALL BE IN ACCORDANCE WITH THE 2003 EDITION OF THE

INTERNATIONAL BUILDING CODE (IBC). LOCAL RULES AND STANDARDS OF
GOVERNING AGENCIES HAVING JURISDICTION.

2. DESIGN LOADS: PER AMEC SPECIFICATION 145579-V-005, REV. 3, ASCE 7-02,
ASME STS-1-2000. AND 1997 UBC. (FOR SEISMIC LOADS)
LIVE LOADS: PLATFORM = 50 PSF
SNOW: PLATFORM = 25 PSF IS = 1.1
WIND: SPEED = 85 MPH; EXPOSURE = C; IW = 1.15
SEISMIC: ZONE = 2B; IE = 1.25; SOIL TYPE = SE
THERMAL: MAXIMUM TEMPERATURE = 372 DEG F
CORROSION: ALLOWANCE = 1/16"

3. STEEL STACK FOUNDATION DESIGN SHALL BE BY OTHERS. FOUNDATION SHALL BE
MINIMUM 17'6" IN PLAN DIMENSION AND 60" iDEEP. FOUNDATION CONCRETE.
SHALL HAVE A MINIMUM COMPRESSIVE STRENGTH OF 4000 PSI AT 28 DAYS.
FOUNDATION SHALL BE PROPORTIONED SUCH. THAT CRACKING DOES NOT
OCCUR AT SERVICE LOADS.

4. GROUT SHALL BE A NONMETALLIC TYPE SUCH AS MASTER BUILDERS MASTERFLOW 928,
DAYTON SUPERIOR 1107, EUCLID NX GROUT, OR ENGINEER APPROVED EQUAL. ENSURE
ANCHOR BOLT PIPE SLEEVES ARE FULLY GROUTED.

5. ALL STEEL PLATE AND ANGLE SHALL CONFORM TO ASTM A36 / ASME SA36. ALL
STEEL "W" SECTIONS SHALL CONFORM TO ASTM A992. ALL STEEL TUBE SHALL CONFORM
TO ASTM A500 GRADE B. ALL STEEL PIPE SHALL CONFORM TO ASTM A53 GRADE B /
ASME SA53 GRADE B.

6. ALL BOLTS USED FOR THE. CONNECTION OF PRIMARY STEEL STACK SEGMENTS TO
OTHER PRIMARY STEEL STACK SEGMENTS SHALL BE HIGH STRENGTH BOLTS CONFORMING
TO ASTM A325 OR ASTM A449. NUTS FOR HIGH STRENGTH BOLTS SHALL CONFORM TO
ASTM A563. WASHERS FOR HIGH STRENGTH BOLTS SHALL CONFORM TO ASTM F436&

DRA WING INDEX:
SHEET REV DESCRIPTION

1 4 TITLE - CUSTOMER AUTHORIZATION
2 4 EXHAUST STACK - BILL OF MATERIAL
3 4, EXHAUST STACK ASSEMBLY
4 4 STACK BOTTOM SECTION ASSEMBLY

5 4 HOLDDOWN ASSEMBLY

RPP-24544 REV Id

UNLESS OTHERWISE SPECIFIED:
NOTE CONTINUED:
7. ALL BOLTS USI D TO CONNECT PLATFORM MEMBERS

SHALL BE CARBON STEEL BOLTS CONFORMING TO ASTM A307
CONCRETE ANC IOR BOLTS SHALL BE THREADED
ROD CONFORMING TO ASTM A36. NUTS FOR
CARBON STEEL IBOLTS SHALL CONFORM TO
ASTM A563. WASHERS FOR CARBON STEEL BOLTS SHALL
CONFORM TO ANSI 818.22.1

8. BOLT HOLES SHALL BE BOLT DIAMETER +1/8"
UNLESS NOTED jOTHERWISE. BOLT END
AND EDGE DISTANCES AND BOLT LENGTHS SHALL BE
PER AISC, UNLESS NOTED OTHERWISE

9. ALL WELDING SHALL BE DONE BY AWS CERTIFIED
WELDERS AND SHALL CONFORM TO
AWS D-1.1. ELECTRODES SHALL BE E70 MINIMUM.
ALL WELDING S ALL BE SPECIAL
INSPECTED PER IBC 1704.3.1.

10. BOLTED CONNECTIONS SHALL BE "SNUG TIGHT"
WITH NO SPECIAL INSPECTION REQUIRED.

11. PAINT ALL FERROUS METALS FOR EXTERIOR EXPOSURE.
12. ALL CONNECTI1G PIPING HARDWARE (NOZZLES)

SHALL BE RAISED-FACE, SLIP ON 150#
13. N2 GLASS & GASKET COVER TO BE SUPPLIED AND

INSTALLED BY CUSTOMER
14. SAMPLE LINES TO BE SUPPLIED AND

INSTALLED BY CUSTOMER
15. MOBILE MANBASKET TO BE SUPPLIED BY CUSTOMER
16. STYLE LOCATION AND SIZE OF NOZZLES TO BE

CONFIRMED BY THOMPSON (ANALYZER VENDOR)
17. NOZZLE ELEVATIONS TO BE CONFIRMED BY THOMPSON
18. SAMPLE LINE NOZZLE LOCATIONS SHALL BE LOCATED

A MINIMUM O< 8 STACK DIAMETERS (48"X) DOWN
STREAM OF FLQW DISTURBANCE TRANSITIONS OR
CONNECTIONS PER 40 CFR 60 METHOD 1 SECTION 11.0

19. THERMAL PROTECTION COMPLYING WITH ASME STS-1
SECTION 6.6 SHALL BE PROVIDED BY OTHERS.

20. WEIGHT OF STACK IS 45,730 LBS, TOP SECTION=7,030
MIDDLE SECTION=14,950 LBS, BOTTOM SECTION=21.350
LADDER AND PLATFORM=2,400 LBS

6 4 NOZZLE 1 ASSEMBLY 3 ADD SHEET I1A AND CHNG I TO 18 ALSO ADDED GN 12-12-05
-_O RIENTATION AND ELEVATIONS TO NOZZLE CHART

7 4 NOZZLE 2, 3 AND 4 ASSEMBLY & ADD ORIENTATION DEG TO DWG TITLES & DETAILS

4 CUSTOMER REDISICNED STACK PER C7 001 -

8 4 NOZE5 AD6 ASE1LY 2-CADDGEL STAP DESIG 3N 70
9
TOI T
11
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16
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20
21

22
23
24

4
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NOZZLE 8 ASSEMUL Y
NOZZLE 9 AND 10 ASSEMBLY

NOZZLE 9 AND 10 ASSEMBLY
STACK MIDDLE SECTION ASSEMBLY
NOZZLE 7 ASSEMBLY
CONNECTION PLATE - BOTTOM/MIDDLE - ASSEMBLY
CONNECTION PLATE - MIDDLE/TOP - ASSEMBLY
STACK TOP SECTION ASSEMBLY
TOP STACK SECTION DETAILS
LADDER - DETAILS
LADDER - PLATFORM - DETAILS
PLATFORM HANDRAIL - DETAILS
PLA TFORM GRATING - DETAILS
PLA TFORM SUPPORTS - DETAILS
PLA TFORM SUPPORTS - DETAILS
SPREADER BAR - DETAILS

I IST SUBMITTAL I
TR REVISION . APP j A TE
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JOB ID No. 298701
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ITEM W Desrton Material ITEM )T Description Material ITEM . Desption M.atei
11301 I HOLDDOWN BASE RING PL1" X 60" OD ASME SA36 50061 1 NS PIPE 2" XSCH 4OX" COPE TO STACK ID \SME SA53 GR BS5O1 14 L3X3X1/4 X4" LONG (3/4"H HOE ASME SA36
11302 30 HOLDDOWN GUSSET PL 1/2"X 5 1/2"X 12" ASME SA36 50062 1 6 FLANGE SLIP-ON 150 # RF 2" ASME SA82-F1 65002 6 L3X3X/4 X 71 1/4" LONG (2 EACH 3/4 HOLES) ASME SA3
11303 1 HOLDDOWN UPPER PL 1"X481/4"IDX60"OD ASME SA36 50063 2 N5L4X4X318X81/2"LONG ASME SA36 65003 18 BOLT 5/8&-NC X 1 1/2' LONG r ASTM A307
113D4 15 HOLDDOWN FOUNDATION ANCHOR PL 3/4 X 8 X 8 ASME SA36 50064 N DOULBLER PL 1/2 X 8 3/8" X 8 3/8" ROLL TO 48" ID ASME SA36 65004 6 L3X3X1/4 X 5 3/8" LONG (3/4" HOLE) ASME SA36

WTH 15/8" DIA HOLE CENTERED IN PLATE FOR ROD - -_TH 2 1/2" DIA HOLE IN CENTER 6-5 8 FLAT BAR .2 X 1/4 X 3" LONG (3/4" HOLE) ASME SA36
11305 15 HOLDDOWN FOUNDATION PIPE SLEEVES" SCH 40 X 6" LONG -SME SA53 GR B 50071 1 NY PIPE 2" X SCH 40 X 5" COPE TO STACK ID \SME SA53 GR B65006 4 FLAT BAR 6 X 1/2 X 753/4" LONG ROLLED TO 48 1/4"ID (180 DEG) ASME 5A36
11306 75 NUT 13/4" DIA - NC ASTM A563 50072 1 FLANGE SLIP-ON 150 # RF 2" ASME SA182-F1 9507 18 NUT 5/8"-NC ASTM A563
11307 15 ROD THRD 1 3/4" DIA - NC X 60" LONG (THRD LAST 6" EACH END) ASTM A307 50073 2 N' L4X4X3/8 X 8 1/2' LONG ASME SA36 65008 18 WASHER FOR 5/8" DIA BOLT ANSI B1&22.1
11308 15 ASHER FOR 1 S/4"DIA ROD ANSI B18.22.1 50074 1 7 DOULBLER PL 1/2 X 8 3/8"X 8 3/8" ROLL TO 48-ID ASME SA36

__TH 2.1/2" DIA HOLE IN CENTER 66001. 1 11/4" SCH 40 PIPE X 19'-8" LONG ROLL TO 753141R(BODEG) ASME SASS-ORB
11401 1 ELLIPITICAL 2:1 ASME CODE HEAD 47" OD 3/8" PLATE ASME SA36 50081 N8 PIPE 12" X SOH 40 X 6" COPE TO STACK ID SME SASS OR 6600 2 11/4" SCN 40 PIPE X 73" LONG X ROLL TO 75 3/4"R (55 DEG) ASME SASS GR B
11402 7 STACK BOTTOM PL 1/2 X ROLL TO 360 DEG AT 48"OD X 6"H ASME SA36 50082 1 N8 FLANGE SLIP-ON 150 # RF 12" ASME SA182-Fl 66003 6 1 1/4" SCH 40 PIPE X 59" LONG ROLL TO 75 3/4" IR (45 DEG) ASME SA53 GR B
11403 1 STACK BOTTOM PL 1/2 X ROLL TO 360 DEG AT 48"OD X 47"H ASME SA36 500a3 2 N8 L4X4X3/8 X 35" LONG COPE OVER STIFFENERS ASME SA36 66004 2 1 1/4" SCH 40 PIPE X 16" LONG ROLL TO75 3/4" IR COPE END ASME SA53 GR B

50084 1 N8 DOULBLER PL 112 X 19 7/8" X 19 7/8" ROLL TO 48" ID ASME SA36 66005 5 MID POST FLAT BAR 2 X 1/2 X 41 7/8" LONG COPE END ASME SA36
11501 45 STACK STIFFENER RING PL 1/2" X 48 1/4" ID X 54 1/4" OD ASME SA36 WITH 12 7/8" DIA HOLE IN CENTER 660G6 4 END POST FLAT BAR 2 X 1/2 X 43 LONG ASME SA36

EACH RING IS TO BE MADE IN 2 EACH 180 DEG HALVES
11502 10 STACK STIFFENER RING PL 1/2" X 24 1/4" ID X 301/4" OD ASME SA36 3W1 N9 PIPE 20" X SCH 40 X 33" COPE 10 STACK ID \SME SA53 GR B 67001 1 SQUARE TUBE 2 X 2 X 120 X 86" LONG CUT ENDS AT 45 DEG ASTM A500 GR B

EACH RING IS TO BE MADE IN 2 EACH 180 DEG HALVES 5W2 - 1N9 FLANGE SLIP-ON 150 # RF 20" ASME SA182-F1 67002 3 SQUARE TUBE 2 X2 X 120 X42 3/4" LONG CUT ONE ENDAT45 DEG ASTM ASOC GR B
11601 4 CONNECTION PL 1"X 48 1/4" lDX 54 114" OD ASME SA36 50093 2 N9 L4X4X3/8 X 87" LONG COPE OVER STIFFENERS ASME SA36 67003 2 |SQUARE TUBE 2 X 2 X 120 X 40 3/4" LONG ASTM A500 GR B
1160212C CONNECTION GUSSET PL 1/2"X 2 1/2"X 12 ASME SA36 5D94 1 N9 DOULBLER PL 1/2 X 26 1/4"X 35 3/4" ROLL TO 48" ID ASME SA36 67004 3 UNG 3/4" DIAX28 7/8" LONG ASME SA36
11603 24 WASHER FOR 7/8" DLA - NC BOLT ASTM F436 WITH ELLIPTICAL HOLE IN CENTER APPROX. 20 1/4" X 29" 67005 1 QUARE TUBE 2 X 2 X 120 X 38 7/8 LONG CUT ONE END AT 45 DEG ASTM A500 GR B
11604 12 BOLT 7/8" DIA - NC X 32" LONG ASTMA325 67006 3 RUNG 3/4" DIA X 36 7/8" LONG ASME SA36
1160524 NUT 7/8" DIA -NC ASTM ASO3 Sf11 1 N10 PIPE 20"X SCH 40 X 33 COPE TO STACK ID \SME SA53 GR B 67007 2 SQUARE TUBE 2X2X 120X24 12"LONG ASTM A500 GR B

-W2 512 . N10 FLANGE SLIP-ON 150 # RF 20" ASME SA182-Fl 1 1
21101 4 STACK MIDDLE PL 1/2 X ROLL TO 360 DEG AT 48" OD X 96" H ASME SA36 7TM 2 N10 L4X4X3/8 X 87" LONG VERT ASME SA36 11001 1 W12 X 15 X 471/2" LONG COPE ENDS ASTM A992
21102 1 STACK MIDDLE IN - PL 3/8 X ROLL TO 360 DEG AT 48" OD X 36" H ASME SA36 5MM 1 N10 DOULBLER PL 1/2 X 26 1/4"X 35 3/4" ROLL TO 48" ID ASME SA36 71002 2 W12 X 15 X 29" LONG .ASTM A992
21201 2 TOP TRANSITION PL 1/2" X TOP 24" OD X WITH ELLIPTICAL HOLE IN CENTER APPROX. 20 1/4"X 29" 71003 4 W12 X 15 X 11 3/8" LONG COlE END ASTM A992

BOTTOM 48" OD X 60" H (180 DEG EACH HALF) ASME SA36 71004 16 PLATE 1/2 X 3"X1 5/16" HIGH ASME SA36
213011 1 TACK MIDDLE PIPE 24" SCH 40 L687" WALL) X 24" H ASME SA5S GR 51i 2 STRINGER 3/8 X 2 1/2 FLAT BAR X 46'-2" LONG - ASME 5A36 710 I I IFT LUG PLATE 1 1/2 X 7 1/21X 7 1/2" HIGH (3" DIA HOLE) ASME SA36" " "01

ASME SA3 GR L310 02 47IRUNG 3/4- lIA X 24' LONG ASME SASS
31102 1 TACK TOP PIPE 24" SCH 20 (.375" WALL) X 612" (51'-0") H ASME SA53 GR 31003 2 FASTENING 318 X 2 112 FLAT BAR X 14 5/8" LONG ASME SA36
31201 6CONNECTIONPL1"X241/4"IDX301/4"OD ASMESA36 51004 12STUD1/2"DIANCX1 1/2"LONG ASTM A307
31301 15 HELICAL STRAKES PL 1/4" X 3"X 12-0" LONG (HELIX TO 12 NUT 1f2 DIA - NC ASTM A563

26" ID X 9'-10" FIN LONGXPITCH: 120"X REVALUTIONS: 1) ASME SA36 12 WASHER FOR 1/2" DIA - NC STUD ANSI B18.22.1
31302 60 HELICAL STRAKES WELD TAB PL 1/4" X 2" X 2" SPACE AT 90 DEG ASME SA36 1005 1 SA-- I-CLIMB -ALL PREVEN I ION SYI EM EBY ANU-Ac
50011 1 N1 PIPE 1" X SCH 40 X 26" LONG IASTM A312 GR TP304 CARRIER RAIL AND RUNG CLAMPS X 46'-0"
50012 1 NI FLANGE SLIP-ON 150 # RF I" ASTM A312 GR TP304 ASME SA36
500 1 NI ELBOW BW 1"SCH 40 X 90 DEG LR ASTM A312 GR TP304 2001 7 CAGE VERT BARS 1/4 X 2 FLAT BAR X 30'-4 3/4" LONG ASME SA36
50014 1 Ni PIPE 1" X SCH 40 X 10 3/4" LONG ASTM A312 GR TP304 002 1- BAND TOP 1/4 X 3 FLAT BAR X 60" LONG ASME SA36
50015 2 N1 L4X4X3/8 X 12 1/2" LONG ASME SA36 2003 7 BAND MID 1/4 X 2 FLAT BAR X 60" LONG ASME SA36
5W16 1 NI DOULBLER PL 1/2 X 12 3/8" X 12 3/8" ROLL TO 48" ID ASME SA36 2004 1 BAND CONNECTION 1/4 X 3 FLAT BAR X 60" LONG ASME SA36

WITH 6"DIA HOLE IN CENTER 32005 1 BAND BOTTOM 1/4 X 3 FLAT BAR X 68" LONG ASME SA36
50021 1 N2 PIPE 4" X SCH 40 X 5" COPE TO STACK ID ASME SA53 GR b006 7 CAGE VERT BARS BOTTOM 1/4 X 2 FLAT BAR X 50" LONG ASME SA36
50022 1 N2 FLANGE SLIP-ON 150 # RF 4" ASMESA182-F- ASME SA36
50023 2 N2L4X4X3/8X11 1/2" LONG ASME SA36 631 2 L5X3X/4X20'4" LONG ROLL TO 13'-0"OD(180DEG) ASME SA36
50024 1 N2 DOULBLER PL 1/2 X 11 3/8" X 11 3/8" ROLL TO 48"ID ASME SA36 5" TOE UP 3" TOE IN

WITH 4 3/4" DIA HOLE IN CENTER 63002 2 LSX3XI/4 X 84 3/4" LONG ROLL TO 54" ID (180 DEG) ASME SASS
50031 1 N3 PIPE 4" X SCH 40 X 5"COPE TO STACK ID kSME SA53 GR B 5"TOE UP 3"TOE OUT
50032 1 N3 FLANGE SLIP-ON 150# RF 4" ASME SA182-Fl 63w 4 L3X3Xi/4 X 69" LONG COPE END ASME 5A36
500 2 N3 L4X4X3/8 X 11112" LONG ASME SA36 6304 4 L3X3XI/4 X 30" LONG COPE END ASME SAS
50034 1 N3 DOULBLER PL 1/2 X 11 3/8" X 11 318" ROLL TO 48"ID ASME SA3 63W5 2 L3X3X/4 X 53" LONG COPE ENDS ASME SA36

WITH 4 3/4" DIA HOLE IN CENTER 63M6 1 L3X3X1/4 X 28" LONG ASME SA36
5OD41 T N4 PIPE 4" X SCH 40 X 5" COPE TO STACK ID kSME SA53 GR B 63007 4 L3X3XI/4 X 36" LONG COPE ENDS ASME SA36
50042 1 N4 FLANGE SLIP-ON 150 # RF 4" ASME SA182-F1 6368 2 L3X3X1/4 X 20 3/4" LONG COPE END ASME SA36
5004 2 N4 L4X4X3/8 X 11 1/2" LONG ASME SA36 636 W 1 L3X3XI/4 X 51 LONG COPE ENDS ASME SA36
50044 1 N4 DOULBLER PL 1/2 X ii 3/8"X 11 3/8" ROLL TO 48" ID ASME SA36 311 LSX3XI/4 X 361/4" LONG COPE END ASME SA36

WITH 4 3/4" DIA HOLE IN CENTER 6311 2 L3X3XI/4 X 33 1/2" LONG ASME SA36
MLE bA J rk b

50052 1 N5 FLANGE SLIP-ON 150 # RF 2" ASME SA182-Fl
50053 2 N5 L4X4X3/8 X 8 1/2" LONG ASME SA36

N5 DOULBLER PL 1/2 X 8 3/8" X 8 3/8" ROLL TO 48" ID
WITH 2 1/2" DIA HOLE IN CENTER

31ADD SHEET 1A AND CHNG 1 TO 1B JBG 2-12-05
PRIENTATION & ELEV TO NOZZLE CHART

4 USTOMER CHNG DESIGN J JBT 02-06

I- I I I

ASME SA36

bit12

6

L3X3XI/4 X 36" LONG COPE END (3/4" HOLE)
BAR GRATING; BEARING BARS 3/4 X 3/16 X 59-1 0"LONG
CROSS BARS 1/4 DIA X 36" WIDE CUT LONG X WIDE AS REQE
STEEL TYPE W-19 (STANDARD MESH RY-WELD OPEN STEEL
BOLT TAB PLATE 1/4 X 2 3/4" X 2 3/4"(3/4" HOLE)

-- BUSBY
==M== =4i

TOLERANCE
UNLESS NOTED OTHERWISE
STACK HEIGHT + 1/2" I -1/2"
STACK DIA +1/8"/-1/8'

NOZZLES+ 1/8"J- 118"
PLATES/STIFFENERSIGUSSETS +.06 / -.03

ASME SA36
ASME SA36
GALV

ASME SA36

NOZZLE TABLEf
tO ORIENT LEV NOZZLE SERVICE SIZE/PROJECON
NI 270 3-6 STACK DRAIN 1" SCH 40 / 4
N2 270 45-6" VISUAL INSPECTION 4" SCH 40 / 4"
N3 45 46'-6" SAMPLE LINE 4" SCH 40 / 4"
N4 135 46'-6" SAMPLE LINE 4" SCH 40 / 4"
N5 45 48'-6" SAMPLE RETURN LINE 2" SCH 40 / 4"
N6 135 48'-6" SAMPLE RETURN LINE 2" SCH 40 / 4"
N7 270 68"-6" FLOW ELEMENT 2" SCH 40 / 4"
N8 90 14'-6" BYPASS UNEl 12" SCH 40 /4"
N9 135 13--6.5" OFF-GAS INLET 20" SCH 40 /SEE DTL 10 AND 11
Nid 225 13'-6.5" OFF-GAS" SCH 40 SEE DTL 10 AND 11
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PROPRIETARY B O "TRADJB 02-27-06 EXHAUST STACK - BILL OF MATERIAL
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31101 1 STACK TP PIPE 4r S 40u(.687VWALL)24 H
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NOTE:
THE TOTAL WEIGHT OF THE STACK iS 45,730 L1S
THE WEIGHT OF THE BOTTOM SECTION IS 21,350 LBS
THE WEIGHT OF THE MIDDLE SECTION IS 14,9507 LBS
THE WEIGHT OF THE TOP SECTION IS 7,030 LBS
THE WEIGHT OF THE LADDER AND PLATFORM IS 2,400
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NOTE:
1. THIS LADDER COMPLIES WITH

TITLE 29 - LABOR, CHAPTER XVII OCCUPATIONAL SAFE1Y AND HEALTH ADMINISTRATION
DEPARTMENT OF LABOR. PART 1910 OCCUPATIONAL SAFETY AND HEALTH STANDARDS.
SUBPART D WALKING WORKING SURFACES. SEC. 1910.27 FIXED LADDERS

2. ALL BOLT OR STUD CONNECTIONS ARE 3/4" HOLE FOR 5/8" BOLTS
(ITEMS 65003, 65007 AND 65008)

3. LADDER AND PLATFORM SHIP LOOSE AND ATTACH TO STACK AFTER STACK IS ASSEMBLED
4. RUNGS ARE.SPACED AT 10" FROM STACK TO ALLOW FOR THERMAL PROTECTION.
5. THE TOTAL WEIGHT OF THE LADDER AND PLATFORM IS 2,400 LBS
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NOTE-
1. THIS PLATFORM COMPUES WITH

TITLE 29 - LABOR, CHAPTER XVil OCCUPATIONAL
SAFETY AND HEALTH ADMINISTRATION
DEPARTMENT OF LABOR. PART 1910
OCCUPATIONAL SAFETY AND HEALTH STANDARDS.
SUBPART D WALKING WORKING SURFACES.

2. ALL .BOLT CONNECTIONS ARE 3/4" HOLE
FOR 5/8" BOLTS (ITEMS 65003 65007
AND 65008)

3. LADDER AND PLATFORM SHIP LOOSE AND
ATTACH TO STACK AFTER STACK IS ASSEMBLED
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TECHNICAL DATA SHEET
AMEC Americas Limited amec9

The document revision number is indicated below. Please replace all revised pages of this
document and destroy the superseded copies.

PROJECT: Final DBVS Design 145579-V-DS-005.1 FREV. 2

PROJECT NO.: 145579 EXHAUST STACK

CLIENT: AMEC E&E - Richland Washington EQ. NO.: 36-N2-024

A Internal Review DW 02-Sep-04  DW

B Internal Approval DW 12-Oct-04 DW

C CH2M Hill Review DW 19-Oct-04 DW

0 Construction DW 15-Dec-04 DW

1 Bid Request DW 11-Jan-05 DW

2 Bid Request DW 02-Feb-05 I -,

DOCUMENT APPROVAL

CLIENT APPROVAL (AMEC RICHLAND)
Original Approvals on Pile

Project Manager:

Date:

Q.A. Rep.: .

Date:

CLIENT APPROVAL (CH2M HILL)

Project Manager

Date:

AMEC AMERICAS LIMITED (TRAIL)
Original Approvals on Pile

Project Manager:

Date:

Discipline Lead:

5. L1UI6.C

Date:

Originator: 4-

Date: a0 . t.<

Attachment:
Calc. No.:
Rev. No.:
Sheet

--- - -.-. A 5,379 - ...- .
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TECHNICAL DATA SHEET a nect
PROJECT: Final DBVS Design 145579-V-DS-005.1 I REV. 2

PROJECT NO.: 145579 EXHAUST STACK

CLIENT: AMEC E&E - Richland Washington EQ. NO.: 36-N26-024

REFERENCE SPECIFICATION

Document No. Specification

1 45579-V-SP-005 EXHAUST STACK

CONTENTS

Data Sheet

Bidders Drawing & Data Commitments Sheet

2 Pages

1 Page

7
145579-C-CA-O15

, Z4: -7zt
2 of 5

Attachment:
Cabc. No.:
Rev. No.:
Sheet

A5-. 0
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TECHNICAL DATA SHEETS
amec9

PROJECT: Final DBVS Design 145679-V-DS- .1 I REV. 2
PROJECT NO.: 145579 EXHAUST STAGK
CLIENT: AMEC E&E - Ricbland Washington EQ. NO.: 36-N28-024
Data Sheet 1 of 2
No. Required 1 Area 36
PFD# F-145579-00-A-0023 Stream Number 46
Reference Specification: 145579-V-SP-005 jQuality Assurance Level EQ

Operating Conditions _ Rev I Rev
Location (Indoors/Outdoors) outdoom Environment
Operation (Coat. I Intermittent) continuous -Radioactive No
Days per year 365 -Toxic No

Hours per day 24 -Corrosive Yes
Availability (%) 100 -Flammable No
Site Elevation (ft) 663 Ambient temp - min (*F) -25
Stack Temperature - max ("D) 248 0 Ambient temp - max (*) 115
Stack Temperature - min (*) -25

Description
Service Process Data-
Outside Diameter (in) 24 Design Temp (*F) 248 to -25
Wall Thickness (in) * Design Pressure (in Wo) 2
Hg _9 2 Gas Flow (ACFM) 7305 0
Top of Stack El. (ft) Big Gas Velocity (frm) * 2
Weight No Meater than (bs) 40000 2 Stack Exit Velocity (fpm) 2677 0
Concrete Pad Dimensions Minimum Stack Exit Velocity (fpm) 2500 1

- Height (ft) 4 Corrosion Allowance (in) 0,0625
- Width (ft) 20 Wind Loads:
- Length (it) 30 Velocity (3 second gust) (mph) 85

Supports: * Importance Factor 1.15
Exposure Category C

Seismic Loads: (Zone 2b, soil type SE)
Coeff Aa 2

Anchor Bolts: Coeff Av * 2
Number * Grating Floor Load (psO * 2
Size (in) *

Construction
Type Material Number Thickness Comments Rev

Shell
Bottom *
Strakes *

Stiffeners *
Internal Pipe *

Internal Plate Attachment: 7
.__ Caic. No.: 145579-C-CA-015

Rev. No.: Z 1C43-.

Sheet 3 of 5

Date 02-Sep04 12-Oct-04 18-Oct-04 15-Dec-04 I-Jan-05 02-Feb-5S
By DJW DW DW DW DW
Chked AP A AP AP AP
Rev. A B C 0 1 -2

...... ... ..... _ .A.. -38i1
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amece
TECHNICAL DATA SHEETS
Data sheet 2 of 2
Construction cont'd

Type Material Number Thickness Comments Rev
Pipe Supports
Platforms Landing at 175 ft. I See ASME STS-1
Grating Floor of landing See ASME STS-1
Ladder Up to landing I See ASME STS-1
Handrails Around Landing See ASME STS-1

Supports * -
Gaskets, externa *

Gaskets, internal *
Bolts, external *

Bolts, internal *

Nuts, internal *

Insulation *
Grounding Lugs Terminals Steel 2 3/16" min Opposite sides
Lifting Lugs *
Lining * -
Grout *

Testing & Inspections Coatings and Insulation
Witness Reqd Rev External Surface Preparation *

Dye Penetrant welds as per STS- 2 External Coatings, Primer _*

Magnetic Particle welds as per STS- 2 External Coatings, Finish *
Radiograph welds Ispersrsa Internal Surface*Prepareton

Internal Coatind||

Instrumentation Connection Ports -Minimum nozzles required idicated below
Purpose I Size I Number Rating Elevation(s) Comments

Sample Return Lines 2" 2 150# 31-6" at 90 offset
Sample Lines 4" 2 150# 29-6" at 90* offset
Visual Inspection 4" 1 150# 28'6"
Flow Element 2" 1 150# 51'-6"
Inlet 24" 1 150# 20' Angled -459 from

horizontal
Stack Drain 1" 1 150# Lowest drainage point

Comments:
1. Items marked with an *shall be filled in by VENDOR

Attachment: 7
*** For the exact locations of the grounding lugs see drawing F-145579-36-V-0021 Calc. No.: 145579-C-CA-015

Rev. No.: .0Z A0i4tC-- 
Sheet 4 of 5

Date 02-Sep-04 I12-Oct-04 18-Oct-04 I 15-Dec-04 11-Jan-05 02-Feb-5
By DW DW DW DW DW
Chked AP AP AP AP AP
Rev. A B C 0 1 2
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TECHNICAL DATA SHEETS a
PROJECT: Final DBVS Design 14557g-V-DS-005.1 REV. 2

PROJECT NO.: 145579 EXHAusT STACK
CLIENT: AMEC E&E - Richland, Washington

BIDDERS DRAWING AND DATA COMMITMENTS

Vendor shall supply all drawings, manuals and documentation in the quantities indicated. Approval drawings are due within the listed
number of calendar days after issue of the Purchase Order or Letter of Intent. The dates set out for drawing and data su

SEND ALL DOCUMENTS TO: AMEC Americas Limited
1385 Cedar Avenue

Submit all documents via courier service Trail, BC, Canada
Faxed documents must be followed by the originals. V1 R 4C3
Electronic E-mail or FTP transmissions of drawings & data must be copied to Atmn: Document Control
Document Control Phone: (250) 368-2400
Always include a transmittal Fax: (250) 368-2401

BIDDERS MUST PROVIDE ESTIMATED LEAD TIMES FOR APPROVAL DRAWINGS

Proposal Bidder shall include this data for each item REVIEW VENDOR
Review Required before ordering or start of fabrication ITEMS DUE COMMiTMENT

Final Required within 7 days prior to shipment and before final payment WITHIN (SEE NOTE 4)

PROPOSAL REVIEW FINAL DESCRIPTION (DAYS) (DAYS)
1 OA program BId
1 . _ _Experience list and maintainability information Bid

E+3 - Design, fabrication & delivery schedule PO+7
Outline drawings and layout drawings indicating weights and

E+3 E+3 E+6 dimensions PO+14
E+3 E+3 E+6 Technical brochures on purchased components PO+21

E+3 E+6 Calculations PO+14
E+1 E+6 Spare parts list Del-14

Set of installation and maintenance manuals clw technical literature for
E+1 E+6 all equipment and devices Def-14

6 Site commissioning record & test results COM+14

I agree to provide the listed documentation and data and the dates shown above.

Vendor Signature Date

Attachment: 7
Cale. No.: 145579-C-CA-01 5
Rev. No.: A . 4 37- "/-z
Sheet 5 of 5

.... ..... ......... ... .



2

In

I

I
F?
5~

I-,

of

I

I

S
B

B

S

S

I
@1

I
ci

4

1.

5

OFF-GAS STACK
FOUNDATION #10 - PLAN

4 3
I 3.

j
F

ATTA(
CALC
REVIS
SHEE

Iu~mT~0ME 'a oas

.'CO ___(a

I L
zztVl - Isi I

8

ared 45579-FINAL DBVS DESIGN
C

-C

I
Fl

U.S. DEPARTMENT OF ENERGY

BULK VITRIFICATION
OGTS STACK
FOUNDATION

I -1DBVS-SK-SOO1IA

RPP-24544 REV Id

7_17

F

6

A

- IIOMAWING TMAWAI UV [mM1 WSIM0INS :I- HomE |I- I-~ I . 1 1

- If 3 2 1 A5-384

42

E

D

CHMENT 8
ULATION 145579-C-CA-015
]ON 2

T 1 OF 1

PRELIMINARY
NOT APPROVED FOR CONSTRUCTION

[2 M J M Technology

rO&fl'JC~ & STJCC

ls*-o-

______ ir-

flT

--- C*
D

C

5

4

B

A

wL 6

C

F

S

III

8 7



RPP-24544 REV Id

Task/Project #: Demonstration Bulk Vi'rification
System A77977

Calculation Number:
145579-0-CA-015

Revision
2

Safety Related?
Y-Ss

Reviewer/Checker (print name): K. J. McCracken Date

Reviewer performed or supervised subject calculation. 03128106

__X_NO __YES Justificatlion Attachment_-- pages

Alternate Verification method approved _,N/A_ Method _Calculation Independently Checked_

ITEM (S) CHECKED ACCEPT OBJECTIVE EVIDENCE INITIAL/DATE
YIN SHEETS

I. Cover forms properly completed. Y Pg 1-23 3g- 37hz

2. Calculation Sheet headers complete with calc. no., rev., etc. Y Pg 1-23 ckq. V.rA &

3. Calculation Sheet contents complete per format. Y Pg 1-23 e/±X/

4. Listed attachments included. Y Pg 1 o -

5. Calculation Objective clearly described. Y Pg 2 Section 1.1 and
1.2

6. Criteria are suitable and properly referenced to task-specific documents. Y Pg 3 2nd paragraph
Section 2.1 r/-

7. Assumptions and data described and attached or referenced to task N/A No assumptions
documents. required

8. Calculation method identified and appropriate for the design activity. Y Pg 6 Section 4.0

9. Calculation results reasonable and correctly described in Results & Y Pg 7-8 Section 5.0
Conclusions. > Ae/

10. Computer Program identified with version and revision. Y Pg 6 Section 4.0 1s
Paragraph

11. Computer Program references method used, etc. Y Pg 6 Section 4.0
Paragraphs 1, 5, and
7

12, Computer input/output provided. Y Attachment 2

13. Computer runs traceable to calculation. Y Attachment 2 and
Section 6.0 61 /<

14. Computer input data within permissible design input range. Y Attachment 2 G :r)

15. Computer Program validation/verification addressed. Y Pg 6 Section 4.0 1st
Paragraph nqc ;//

REMARKS
None

K. J. McCracken r .C r A .. Date

Reviewer/Checker Print Name & Signature

M. R. Custer c As 1 ate 3 21
Originator Print me & Signature

EP 3.9-4F October 2003

A5-385



RPP-24544 REV Id

Subcontractor Calculation Review Cheeldist.

Page of I

OGTS StEsL STAc. £ouOJvAtIIOKI (410)

The subject document has been reviewed by the undersigned.
The reviewer reviewed and verified the following items as applicable.

Documents Reviewed: C\W'V 45579 - C- CA - 01S Rev.

AnalysisPerformed By: AMEC. (i. C STaR )

Design Input
Basic Assumptions
Approach/Design Methodology
Consistency with item or document supported by the calculation
Conclusion/Results Interpretation
Impact on existing requirements

PV.41t*s ctAY-eAt #aoCL Atsiy bj Dusk mthriviw (varIU-dtd oAtL3- )

Reviewer (printed name, signature, and date

rOrganizational Manager (printed name, sign ature and date)

o"kbt slak 1 a,
64'sct4wl4 P p(VIJe e Aszt IZ4 t4

ois 2ot

Itt oajes4 O rc&Ah al wst Jg tq 0 kt

A5-386

Subject:

.10



RPP-24544 REV Id

This page intentionally left blank.

A5-387



c0

C

to
to



RPP-24544 REV Id

amec9
CALCULATION COVER SHEET

CALC. NO.: 1 45579-C-CA-01 6 REV: 0 DATE: 10 March 2005

CALC. TITLE: Reagent Tank Foundations (Fdns #21,22)

PROJECT NO. 145579 PROJECTTITLE: Final DBVS Design

Design Verification Required: Q Yes No

Calculation Type: 0 Scoping E Preliminary Final

Superseded by Calculation No.: _ Voided
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REV. IGINATOR: DATE: -CHECKED: DATE: APPROVED DATE

AFFECTED DOCUMENTS
REV. DISC. LEAD

DOCUMENT NUMBER: TITLE: NO.: INITIALS
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RECORD OF REVISION
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ATTACHMENTS
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DOCUMENT NUMBERAD: TITLE: PAGES

Attachment I Reagent Tank Foundations Drawings 2

Aitachment 2 East Reagent Tank Foundation (Fdn #21) (MathCAD Calcutations) 22

Attachment 3 West Reagent Tank Foundation (Fdn #22) (MathCAD Calculations) 15
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amecP
CALCULATION SHEET

CALC. NO.: 145579-C-CA-016 REV: I DATE: 10 March 2005

CALC. TIrLE: Reagent Tank Foundations (Fdns #21, 22)

PROJECT NO.: 145579 PROJECT TITLE: Final DBVS Design

1 INTRODUCTION

1.1 Purpose

The purpose of these calculations Is to verify foundation designs and confirm that
the foundation/slabs will support attached tanks under design loadings.

1.2 Scope

The scope of this calculation Includes determining the loads that each tank places
on its associated foundation due to wind, gravity and seismic forces. It Is assumed
that the tanks will be secured rigidly to the foundations using drilled-In and grouted
ASTM A36 anchors of up to 1 Inch In diameter. Foundations are sized to ensure
that anchors will have adequate depth and edge distances (min 12") to develop
their full shear and tensile capacities. Foundation details will be given to tank
vendors to allow for anchorage designs by them. This calculation verifies that the
foundations will not exceed the soil bearing capacity under gravity, wind or seismic
loading, and that the foundations have adequate overturning capacity and strength.

2 BASIS

2.1 Design Inputs

G-L-001 Rev 0. DBVS Equipment Ust prepared by AMEC Trail Mechanical Group,
Issued March 4. 2005. This provides data foi the filtered water tank.

Individual Data Sheets are provided from the Mechanical group for each of the

Reagent tanks. These are included In attachment 6.

2.2 Criteria

From: TFC-ENG-STD-06 Rev B-1, October 27,2003.

The foundations are 24" thick, as required by the standard listed above. The
foundations are large enough that they act as the local "top of grade" compared to
the equipment supported. Finished grade of the granular surface adjacent to the
foundation will be approximately 2W-24" depending on final grade accuracy.' Frost
heaving has been considered and will be negligible. This Is confirmed In an e-mail
from the author of the Geotechnical report and Is Included as Attachment 5.

C D5eA Ef DATP

DS1CtC~~t5 MWCA1 VAN~t V Page 2of 7
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amecO
CALCULATION SHEET

CALC. NO.: 1145579-C-CA-016 REV: = DATE: 10 March 2005

CALC. TITLE: Reagent Tank Foundations (Fdns #21, 22)

PROJECT NO.: 145579 PROJECT TITLE: Final DBVS Design

Design Loads:

Dead load = Self weight of tanks.

Wind Load = 3-second gust B5mph,

Exposure Category *C"

Importance factor 1.15

Seismic Load = Zone 28 per UBC

Live load: Tank contents. Weights are based on the known contents of the tanks.
For the purposes of seismic analysis, the tanks are assumed to be full, whereas for
wind loading the tanks are assumed to be empty.

An additional live load on the stabs will be foot traffic beside and around the
perimeter of the tanks. By Inspection, a 24" thick reinforced slab will withstand foot
traffic, and this load may safely be Ignored.

Snow load: the ground snow load on the Hanford site Is 15 psf. By inspection, a
24" thick reinforced slab will not be affected by a 9" depth of snow, and this load
may safely be Ignored.

Volcanic ashfall: the ashfall load on the Hanford site Is 5 psf for PC-2 SSCs. By
Inspection, a 24" thick reinforced slab-on-grade will not be affected by such a minor
load, and this load may safely be Ignored.

Flood: the DBVS site Is at elevation 663 feet and Is not In any of the flood areas
identified In HNF-SD-GN-ER-501. Flood loads may safely be Ignored.

Groundwater Pressure: the DBVS site is at elevation 663 feet. The Geotechnical
report notes that groundwater levels are approximately 300 feet below the ground
surface. Groundwater pressure may safely be Ignored.

Thermal: Eke any exterior concrete slab on grade, the foundations are subjected to
normal annual and daily temperature variations. They are not constrained from
expanding or contraction by the surrounding soil. The foundations are simple
rectangular prisms, and no change In the foundations' geometry occurs due to
thermal stresses. Thermal stresses will be very small and may safely be Ignored.

DATE: CH#CKE: DATE:

... rasl(WiA5-.390 U Pa af7
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CALCULATION SHEET

CALC.NO.: 145579-C-CA-018 REV: 0 DATE: 10 March 2005

CALC.TITLE: Reagent Tank Foundations (Fdns #21, 22)

PROJECT NO.: 145579 PROJECT TITLE: Final DBVS Design

Concrete creep: the foundations will be cast in place on a firm compacted soil
subgrade. Long term creep of a non-suspended slab will be negligible. Concrete
creep stresses may safely be Ignored.

Ughtning: the entire DBVS site will have a grounding grid Installed. Pigtails are
provided from the grounding grid through foundations for attachment to equipment.
Details of the grounding system are not part of the scope of this calculation.

2.3 Assumptions

1. For the UBC method of analysis, tanks are assumed to be rigid cylinders with
their centre of gravity at 0.5 of their height.

2. For the API method of analysis, the tank self weight has been assumed to be
distributed 30% top surface, 50% walls and 20% base. This Is slightly
conservative for single wall tanks with an aspect ratio of -1:1 (25%-50%-25% Is
correct) and Is reasonable to conservative for double wall tanks. The contents
have a far greater effect on the total seismic load than the tank self-weight.

3. Tanks will be provided with mounting holes In their bases suitable for mounting
on a concrete pad. The precise sizes and locations of these mounting holes
are not known at this time. It is assumed the equipment will be secured to the
concrete foundation with field-installed drill-in anchors In all mounting holes and
that these anchors will be adequate to provide lateral and vertical support for
the base of the tanks. Vendors are required to design and supply tanks
conforming to Hanford sIte'standards. Drill-in anchors for this size of tank are
typically one-half Inch to one Inch In diameter. It Is assumed that one inch
anchors will be used. Anchors will be located more than 12" away from the
edge of a 24' deep slab, and are therefore able to develop their full tensile and
shear capacities, regardless of their precise locations.

4. Stability analysis assumes the foundations are round and have a top diameter
equal to that of the tanks. Foundations are 24" thick and forces from the tanks
transfer through the concrete towards the ground at a 45 degree angle. It Is
assumed that there Is a minimum 4" flange around the base of tanks. The
average diameter of the effective conic foundation Is '-8" greater than the
diameter of the tanks, and the effective diameter of the base of the foundation
Is 4'-8" greater than the tanks. The actual rectangular foundation sizes are
larger than the assumed circular foundations; this assumption Is conservative.

ft GA CnECKo: GATE

4f, lV. 'a. 0ao/
PNDWCWC*ctCciI5WSC lWG ( t46 V Page4 of 7
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CALC.NO.: 145579-C-CA-016 REV: r ] DATE: 10 March 2005

CALC. TrLE: Reagent Tank Foundations (Fdns #21, 22)

PROJECT NO. 145579 PROJECT TITLE: Final DBVS Design

5. The reagent tanks are assumed to be Performance Category PC-2 pending
confirmation from the design authority. As all SSCs In this project are either PC-
1 or PC-2, this assumption Is conservative.

3 REFERENCES

1. Uniform Building Code, 1997. International Conference of Building Officials,
. Whittier, California.

2. AC! Manual of Concrete Practice, 1997. American Concrete Institute,
Farmington Hills, Michigan.

3. TFC-ENG-STD-06 Rev B-1, Design Loads for Tank Farm Facilities, Issued
October 22, 2003 by CH2M Hill Hanford Group Inc. Hanford, Washington.

4. ASCE 7-02 Minimum Design Loads for Buildings and Other Structures, 2002.
American Society of Civil Engineers, Reston, Virginia.

5. Report of Geotechnical Engineering Services, Bulk Vitrification Process Partial
DBVS Richland, Washington. April 2004. AMEC Earth & Environmental Inc.,
Portland, Oregon.

6. HNF-SD-GN-ER-501 Rev 18, Natural Phenomena Hazards, Hanford Site,
Washington. As revised by ECN 672877, May 15. 2002. Numatec Hanford
Company, Richland, Washington.

7. DOE-STD-1020-2002 Natural Phenomena Hazards Design and Evaluation
Criteria for Department of Energy Facilities January 2002. U.S. Department of
Energy, Washington, D.C.

8. G-U-001 Rev 0, DBVS Equipment List prepared by AMEC Trail Mechanical
Group, Issued March 4, 2005.

9. MathCAD software, version 11. Published by Mathsoft Engineering &
Education Inc., Cambridge, Massachusetts.

10. American Petroleum Institute, 2000. Welded Steel Tanks for Oil Storage. API
650, 10' Edition, Addendum 1.

Ct AE. -KE DATE:
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CALC.NO.: 145579-C-CA-01i REV: ED DATE: 10 March 2005

CALC.TrTLE: Reagent Tank Foundations (Fdns #21, 22)

PROJECT NO.: 145579 PROJECTMTrLE: Final DBVS Design

4 METHODS

Loads have been calculated using the Tank Farm Facilities Design Loads and the
analysis of load effects follows the procedures of the Uniform Building Code, and
ASCE-7 as applicable. Foundation allowable resisting forces have been calculated
using the methods In the Uniform Building Code and ACl-318. Calculations were
performed using MathCAD 11 computer software.

Calculations determine soil bearing pressures on the leeward and windward sides
of the foundations during both wind and seismic loading. For seismic design,
Owindward" is understood to mean the side an earthquake "pushest from.

Provided that the calculated bearing pressure on the soil is always compressive
(i.e. no uplift) and less than the allowable soil bearing pressure of 3000 pounds per
square foot, the foundations are stable with a safety factor of at least 2.0.

We have conservatively not used the 4000 psf allowable soil bearing capacity for
short-term loading (wind/seismic) permitted by the Geotechnical Report.

Positive bending moment in the slabs (bottom bars in tension) are calculated by
taking the maximum factored soil bearing pressure times the lever arm of the
assumed foundation base back to the tank walls. To consider negative (top bars in
tension) bending, the maximum factored net upward pressure on the foundation
has been conservatively assumed to apply across the full width of the tank and the
resultant negative bending moment calculated for a one-foot wide strip.

Slab bending strengths on a per-foot width basis, and minimum reinforcement have
been calculated following the UBC/ACl-31 B method and provided In Attachment 4.

Given the low absolute bearing pressures and the very large tank perimeters,
punching shear stresses will be negligible.

For greater certainty, we have also calculated the base shear and slab bottom
overturning moments using the methods for flat bottom tanks provided In API 650
Appendix E 'Seismic Design for Storage Tanks.' It is found that the "rigid body"
model analysis from the UBC gives conservative results.

A5-393
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CALC.NO.: 145579-C-CA-016 REV: [ DATE: 10 March 2005

CALC.TITLE: Reagent Tank Foundations (Fdns #21, 22)

PROJECT NO.: 145579 PROJECT TITLE: Final DBVS Design

5 RESULTS AND CONCLUSIONS

Each concrete base will support the specified equipment against design loads.
Bearing pressures on the soil are always compressive (no uplift) and always less
than the allowable 3000 psi soil bearing pressure under gravity, wind and seismic
loads.

The maximum calculated bearing pressure Is under the NaCiO 2 Tank #1 and #2
under seismic loading and Is 1380 psf. The minimum bearing pressure occurs
under the NaCIO 2 Tank #1 and #2 under seismic loading and is 41 psf. Both are
within acceptable limits.

The maximum uniform bearing pressure under gravity load occurs under the
Filtered Water Storage Tank and is 792 psf.

The maximum bending moment in any slab occurs in the Filtered Water Storage
Tank under seismic loading and is 11 kip-ft/ft, compared to a calculated slab
bending moment resistance of 40 kip-ft/ft.

The foundation designs have been added to the 3-D computer model of the project.
Foundation drawings are attached.

A check of the equipment Vendor Drawings will be made once they become
available to verify the equipment loading Is within assumed values. Corrective
action will be taken if tank size assumptions are found to be non-conservative.

A check of the equipment Vendor drawings will be made to confirm that the
proposed method of anchoring the equipment Is acceptable

c .K 4l (0
P5S~CCIdGO'k c 4 02dOCW Page7017
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145579-C-CA-016

Attachment I

Reagent Tank Foundations Drawings

H-14-106798 Rev. C
Bulk Vitrification Minor Foundations General Arrangement

. H-14-106800 Rev. C
Bulk Vitrification Miscellaneous Foundations Plans & Details
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145579-C-CA-016

Attachment 2

East Reagent Tank Foundation (Fdn #21)
(MathCAD Calculations)
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FILTERED WATER STORAGE TANK (00-D74-017B)

GENERAL DIMENSION
PC = Performance Class

H = Height of tank

D = Diameter of tank

Hcg = Height to center of gravity
of tank

Hcg:= 0.5-H

PC:= 2

I:= I6ft

D:= 12ft

leg = 8 ft

W4 = Weight of full tank

Vt = Volume tank

p = density of water

Wtc = Weight of tank contents

Wte = Weight of empty tank

h = Height of concrete foundation

DI = Diameter of concrete
foundation for weight

Wtc:= p-Vt

Wte:- Wt 1- Wtc

Dl:- D + 2ft + Sin

D2 - Diameter of effective area of D2:- D + 4ft + Sin
concrete foundation In
contact with the soil

A2 = Area of D2

wc = unit weight of concrete

Wcl = Weight of concrete
foundation

S2 = Elastic section modulus of
foundation

A2:= L

Wcl := wc.h.. -I 2
( 2)

S2 c*2 3
32

Wti:= IlOOOlb

Vt:- 12000gal

p:- 62.4-
ft

Wtc - 1001001b

Wte = 9900 b

Equipment List

Equipment List

h:= 2ft

Dl - 14.667ft

D2 - 16.667 ft

A2 - 218.2ft

wC:= 150-
f 3o

Wcl = 506841b

ASCE 7 Table C3-2
pg 250

S2 - 455 ft3

AS-399
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SOIL BEARING CAPACITY

AJlowBC = Allowable bearing
capacity

ActEC = Actual bearing
pressure

FOS = Factor of Safety

ActBlC: Wtf+WcI
A2

FOS:= AllowBC
ActBC

AllowEC - 3000t

2

ActBC - 736.523--
2

Reference 5 Figure 4

FOS - 4.073

WIND
Following DOE-STD-1020-2002 and ASCE 7 standards
Method 2 6.5.13

Exposure C

Kz = Velocity Pressure
Exposure Coefficient

Kz(H1):= 0.86 if 1 S 16ft

0.98 if H = 30ft

1.04 if H = 40ft

1.19 if H = 75ft
"prob' otherwise

Kz(41) = 0.86

TFC-ENG-STD-06
REV a-1 Table 3
Page 24

ASCE 7 page 75

Kzt = Topographic Factor

Kd Wind Directionality Factor

V = 'Three-second gust" wind
velocity

I = Importance Factor

qz = Velocity Pressure

Kzt:- I

Kd:- 0.95

V:- mi
hr

I(PC):- 1.15 if PC - 2
1.0 if PC= 1

'prob" otherwise

(PC) - 1.15

qz:- 0.00256 2.lb.Kz(H)Kzt.Kd-V2-RPC)

qz= 17.38-
l2

ASCE 7 page 47
flat ground

ASCE 7 page 76
round
TFC-ENG-STD-06
REV 8-1 Table 3
Page 24

TFC-ENG-STD-06
REV B-1 Table 3
Page 24

ASCE 7 page 31

A5-400
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a:= 0.85 ASCE 7 page 30

if(D q4z> 2.Sb,"Use shown Cf factrs","Change factors") - "Use shown Cf factors"

Cf = Force Coefficient Cf(x):-

Cp = Pressure Coefficient

Af = Area normal to the wind

Pw = Wind pressure

Fw - Wind force

Mw = Wind moment

W= Unfactored wind
pressure

0.5 if <7
D

0.7 if 7 s <25D

0.8 if 255

"prob" otherwise

Cdn = 0.5

Cp:- 0.8

Af :. 1-D

Pw = qz-G.Cp

Fw:= qz-G-CpAf

Mw:= Fw-(tcg + h)

ASCE 7 page 69

UBC page 2-29
Table H

Af = 192 ft2

Pw - 11.82-
a2

Fw - 22691b

Mw - 226891bft

Wt 1+ Wet Mw
A2 S2

WIu 786b
ft2

iWlu W S 3000 ."Design is Good"."Design is Bad" = "Design is Good"

Wte +Wel Mw
A2 S2

W2u 228b
a2ft2

if(0s W2 "Design is Good","Design is Bad") = "Design is Good"
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SEISMIC

Following 1997 Uniform Building Code (UBC) standards

Seismic Zone a 28

Soil Profile = Sc

Ip = Importance Factor !p(PC):= 1.5 if PC= 2

1.0 if PC= I

"prob" otherwise

UBC page 2-37
Figure 16-2

Reference 5 Page 11

UBC page 2-30
Table 16-K

Ip(PC) - 1.5

Z = Seismic zone factor

Ca = Seismic coefficient

ap = Horizontal Force Factor 1

Rp = Horizontal Force Factor 2

hx = Height from ground to
bottom of element

Fe - Earthquake Force

Z:= 0.2

Ca:= 0.24

ap:= I

Rp:- 3

hx := O.Oft

Fea:- ap-CaIp(PC). + 3- -Wt

Fea= 132001b

Femax * Max earthquake force

Femin = Min earthquake force

Me =Seismic moment

Femax:= 4.0-Ca-Ip(PC)-Wtf

Femax - 158400

Femin :- 0.7-Ca-Ip(PC)-Wtj

Femin = 27720 lb

Fe:- Femin if Femin >Fea

Femax if Fea > Femax

Fea otherwise

Fe = 27720 lb

Me:= Fc(Hcg + h)

UBC page 2-30
Table 16-1

UBC page 2-34
Table 16-0

UBC page 2-33
Table 16-0

UBC page 2-33
Table 16-0

UBC page 2-18
1632.2

UBC page 2-18
1632.2 .

UBC page 2-18
1632.2

Me .2772001b R
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Eu = Unfactored seismic
pressure

Wt + WCI Me
El 0 := + -

-A2 S2

El - 1346lb

ft

iff(EL S 3000 ,"Design is Good" ,"Design is Bad" = "Design is Good"

Wtf+WCI Me
A2 S2

E2u=127-

if(0 5 E2.,"Design is Good","Design is Bad") - "Design is Good"

LOAD CASES - FACTORED PRESSURE

LC I = lAD LCI := I.(Wt +Wc)
A2

UBC page 2-4
1612.2.1

(12-1)

LC2 = 1.2D+1.6L

LC3 1.2D+1.0L+1.3W

LC 4 = 1.2D+1.CL+1.0E

LCI - 389lb
ft2

1.2(Wte + Wcl) + 1.6.Wt0LC2:=
A2

LC2 - 1067-
2ft

LC3:-1.2(Wt + Wcl) + 1.0oWt+ I.3.Mw
A2 S2

LC3 - 857 lb
a2

1r.(Wte+Wet)+ I.0-Wtc 1.0Me
LC4:-+ -

A2 S2

LC4-02b
R2

max(LCI,LC2,LC3,LC4) - 1402_lb

2
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SLAB MOMENT CAPACITY CHECK
if(Me S Mw,"Wind Governs","Seismic Govems") - "Seisnic Govems"

Between the seismic and wind moments, seismic has a larger moment.

1.2.(Wt + Wcl)+ .O-Wtc
Pf s Factored downward pressure Pf:=

from tank and contents at

Pf= 792-
ft

LC4 Is the maximum factored upwards pressure. Subtracting the downwards pressure from the upwards
pressure and assuming that the result Is a uniformly distributred load along a simple beam, the diameter of the
tank, a conservative moment at the center or the foundation In the top rebar will be found.

Mi = Top rebar moment (LC4 - Pj).D2
Mt:= 8

Assuming a catilever of 2 feet with the maximum factored pressure LC4 acting as a uniformly distributed load,
the moment in the bottom rebar will be found.

L = Assumed overhang

Mt= Bottom rebar moment

Mu= Moment resistance per foot

L:= 2ft

LC4-L2
Mbr:= 2 Mb 2804bft

ft

Mfu:- 40000 -
ft

Attachment 4

if(Mtr A Mbr s Mu,"Rebar is sufficient',"More rebar is nemced") - "Rebar is sufficient"

American Petroleum Institute - shear and moment check
Of the empty weight: 30% Is the weight of the roof,

50% is the weight of the walls and
20% Is the weight of the floor

UBC page 2-22
1634.4 2

Wr =Weight of roof

W, = Weight of tank shell

Ar = Area of top and bottom
of tank

A= Area of walls

HL = Height of liquid

DHL= Diameter to height ratio

CALCULATION SHEET

CALC.: NO: 145579-CA-016 REV: 0
CALC. TITLE: Reaqent Tank Foundations (Fdn #21 and 22$ ISSUE'DATE: 10 March 2005
PROJECT NO.: 145579
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S

Mr = 10978 -
ft

Wr:-0.3-Wte

Ws:= 0.-OWte

Ar %.' D + 6in) 2

Wr=2970lb

Ws - 49501b

A, 123 T2

D 0.8
L

A5-404
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AIs - Importance factor

S = Site Coefficient

k = Factor

T = Factor

C1= Factor

C2 = Factor

W1= Mass in unison

W2 = Mass sloshing

X1 = Height for W,

X2 = Height for W2

X8 = Tank centre of gravity

1API:- 1.25

S:= 1.2

k:= 0.59

T - 2.04

CI:= 0.6

T:= k-

C2:- 075S if Ts4.5
T

3.375S

1.- if T>4.5

WI := 0.86.Wtc

W2:- 0.18-Wtc

XI:- 0.2-HL

X2:= 0.79.L

2

API E.3.1

API Table E-2

API Figure E-4

API E.3.3.2

API E.3.3.1

API E.3.3.2

C2 =0.44

WI =86086Ib

W2 - 18018b

XI =6.3ft

X2 = 11.8511

XS 8 ft

Sb = Base shear

Sb:' z" API(Cl-Ws + CI.Wr+ CI-WI + C2.W2)

Sb . 16084 lb

if(Fe v Fw > Sb,"UBC Governs, OK" ,"API Govems, Redo") - "UBC Governs, OK"

Mb = Moment at bottom of foundation

Mb : Z'Ip [CI-Ws-(Xs + h) + Cl-Wr(H + h) + CI-WI-(XI + h) + C2.W2-(X2 + h)]

Mb-1500931bft

if(Me v Mw > Mb,"UBC Govems, OK","API Governs, Redo") = "UBC Govems, OK"
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NaOH 15% SOLUTION TANK (36-D74-113)
GENERAL DIMENSION

PC Performance Class

H, = Height of lank

D,= Diameter of tank

Hcg, =Height to center of gravity 1cg := 0.5-4
of tank

Witt = Weight of full tank

W81 = Weight of empty lank

Wid= Weight of tank contents

h = Height of concrete foundation

D1, = Diameter of concrete
foundation for weight

D2, = Diameter of effective area
of concrete foundation In
contact with the soil

A21 = Area of D2

wc = unit weight of concrete

Wcl 1 = Weight of concrete
foundation

S2, = Elastic section modulus of
foundation

Wtci:- Wtfi - wteg

DI := D + 2ft + Sin

D21 .: D- + 4ft + Sin

A2: in!
4

We) I:= wc-h-- -- )(D 2

S21., : 32

PC:= 2

H, = 16ft

Di:- 10ft

Hcg1 - 8 ft

Wtn := 540001b

We Il:- 100001b

Wtc - 440Dlb

Attachment 6

Attachment 6

h:= 2ft

D11 - 12.667 ft

D21 - 14.667ft

A21 - 168.9ft

wc:= 150 L

2

WeI -378041b

ASCE 7 Table C3-2
pg 250

S2, -310ft

AS-406

CALCULATION SHEET ame9
CALC.: NO: 145579-C-CA-016 REV: P .
CALC. TITLE: Reagent Tank Foundations (Fdn #21 and 22) ISSUE DATE: 10 March 200
PROJECT NO.: 145579
ATTACHMENT: 2 PROJECT TITLE:Final DBVS Design
ATTACHMENT TITLE: East Reagent Tank Foundaton (Fdn#211 Page:Bof2
ORIGINATOR: g VjkaLt CHECKER:
DATE: /4rc L- 16 DATE: .t LGv



RPP-24544 REV I d

SOIL BEARING CAPACITY

AlMow6C = Allowable bearing
capacity

ActWC = Actual bearing
pressure

FOS, = Factor of Safety

Wtf, + Wc1 I
ActlC1 := AZ

A2i

FOS, - AllowfC
ActBC

AllowBC:- 3000
ft

ActBC1 - 543.386 -!
Ft

FOS1 - 5.521

Reference 6 Figure 4

WIND
Following DOE-STD-1020-2002 and ASCE 7 standards
Method 2 6.5.13

Exposure C

Kz = Velocity Pressure
Exposure Coefficient

0.86 if II S 16ft

0.98 if I = 30ft

1.04 if HI = 40ft

1.19 if H, = 75ft

Oprob" otherwise

KHI) = 0.86

TFC-ENG-STD-06
REV B-1 Table 3
Page 24

ASCE 7 page 75

Kzt = Topographic Factor

Kd = Wind Directionality Factor

V = "Three-second gust" wind
velocity

I = Importance Factor

Kzt :- 1

Kd:= 0.95

V:=85
Ix'

I(PC)- 1.15 if PC =2
1.0 if PC a I

prob" otherwise

I(PC) - 1.15

ASCE 7 page 47
flat ground

ASCE 7 page 76
round

TFC-ENG-STD-06
REV B-1 Table 3
Page 24

TFC-ENG-STD-06
REV B-1 Table 3
Page 24

qz = Velocity Pressure qz:= 0.00256 l2-b.KHl)-Kzt-KdV 2 -I(PC) ASCE 7 page 31
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qz - 17.38-
ft2

G= Gust factor a:= 0.85 ASCE 7 page 30

if(DI-lij> 2.54i ,"Use shown Cf factors","Change factors") - "Use shown Cf factors"

Cf a Force Coefficient Cf(x) :-

Cp = Pressure Coefficient

At, = Area normal to the wind

Pw = Wind pressure

Fw, = Wind force

H10.5 if - <7
DI

0.7

0.8

"prc

Aft :- Hl-DI

Pw := qz-G-Cp

Fw1 := qz-GCp-Af2

if
if 7 5. <25

if 255
DI

b" otherwise

Cf ) = 0.5

Cp:= 0.8

ASCE 7 page 69

UBC page 2-29
Table H

Aft - 160 ft

Pw = 11.82-
A2

Fw2 - 1891 lb

Mw1 = Wind moment

W = Unfactored wind
pressure

MwI := Fw jlHcgi + h) Mwi = 1890711b1

Wtgi + Wc1 I

A21

MwI

S21

Wllbwill =604-;b
ft

i twul s 300oo ,Design is Good","Design is Bad") - "Design is Good"

Wte8 +WcII MwI
w~ul A21 S2 1

W2.I" Af
W2ul =222 I

ft
if(0.5 W2u,,"Design is Good","Design is Bad") - fDesign is Good"

A5-408
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SEISMIC

Following 1997 Uniform Building Code (UBC) standards

Seismic Zone = 2B

Soil Profile = Sc

1p = Importance Factor Ip(PC)= 1.5 if PC= 2

1.0 if PC = I
prob" otherwise

USC page 2-37
Figure 16-2

Reference 5 Page 11

UBC page 2-30
Table 16-K

Ip(PC) = 1.5

Z:= 0.2Z = Seismic zone factor

Ca = Seismic coefficient

ap = Horizontal Force Factor 1

Rp = Horizontal Force Factor 2

hx = Height from ground to
bottom of element

Fe, = Earthquake Force

Femax, = Max earthquake force

Femin, = Min earthquake force

Fea1 := ap-CaaIp(PC). 1

Ca:= 0.24

ap:= I

Rp:- 3

hx:- 0.Oft

+ 3- -IWtfi

Fea1 = 6480lb

Femax1 := 4.0-Ca-1p(PC)-Wtfl

Femaxi =777601b

Femin1 :- 0.7-Ca-Ip(PC)-WtfI

UBC page 2-30
Table 16-

UBC page 2-34
Table 16-0

UBC page 2-33
Table 16-0

UBC page 2-33
Table 16-0

UBC page 2-18
1632.2

UBC page 2-18
1632.2

UBC page 2-18
1632.2

Me, = Seismic moment

Femin, -13608lb

Fe := Femin1 if Femin 1 >Fca

Femax1 if Fea1 > Femaxi

Fea otherwise

Fei - 13608 lb

Mej - Fej-(HcgI + h) Me, - 1360801ift

A5-409
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Eu, = Unfactored seismic
pressure

Wtf, + WcI I Me3
Elul

"I

Elul =983-
ft

if Elul S 3000 .,*Design is Good","Design is Bad" - "Design is Good"

Wti+Wclj Me3
E2uI - A 2f +-C eA2 1  i

E2i - 104&2
fti

if(0 S E2%1,"Design is Oood" , "Design is Dad") - "Design is GOod"

LOAD CASES - FACTORED PRESSURE

1.4(Wtei + Wcli)

LCI 396-
2

USC page 2-4
1612.2.1

(12-1)

LC 2 = 1.2D+1.6L LC21 -

LC 3- 1.2D+1.OL+1.3W

1.2(WteI + Wcl 1)+ 1.6Wte

A2i

LC2i - 756-
f2

(12-2)

I.-(WtI + Wc l 1) + I.Wte1 13-MwI
LC3A +- 12-4)

LC3, = 679b
ft2

LC 4 =1.2D+1.0L+1.0E LC4 1 :-
1.2-(Wte1 + WcI 1) + 1.0-W01

AZ3

I.-Me
+ -(12-5)

I2

LC41 - 1039-
#2

max(CI,LC21,LC3j,LC4)j= 1039-lb
e

A5-410
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SLAB MOMENT CAPACITY CHECK
If(Mei S Mw2 ,"Wind Govems","Seismic Governs") - "Seismic Govems"

Between the seismic and wind moments. seismic has a larger moment

Pr = Factored downward
pressure from tank and
contents

Pu, :.
1.2-(Wtei + Wcl 1)+ 1.0-Wtl

).2i

P= - 600 -b
ft2

LC4 1 Is the maximum factored upwards pressure. Subtracting the downwards pressure from the upwards
pressure and assuming that the result Is a uniformly distributred load along a simple beam, the diameter of the
tank. a conservative moment at the center or the foundation In the top rebar will be found.

Murl= Top rebar moment (L 14 - Pl).Di-ft
8 Mft5492

Assuming a catilever of 2 feet with the maximum factored pressure LC4 1 acting as a uniformly distributed load,
the moment in the bottom rebar will be found.
L = Assumed overhang L:= 2ft

M = Bottom rebar moment

Mu, = Moment resistance per foot

LC41-L2
Mbrl *" 2 Mbrl 2079b-ft

lft
Mu1 = 40000-

ft

if(MtI A Mbr! : Mul,"Rebar is sufficient","More rebar is necced"-) "Rebarissuflicicnt"

AmeriCan Petroleum Institute - shear and
Of the empty weight 30% Is the weight of the roof.

50% is the weight of the walls and
20% is the weight of the floor

moment check USC page 2-22
1634.4 2

Wr1= Weight of roof

W, = Weight of tank shell

A,, = Area of top and bottom
of tank

A,=Area of walls

Hi1 = Height of liquid

WrI 03-Wtei

WSJ: 0.5.Wter

AT! (I + 6in 2

Aw f1:=-Di-H,

HL :-H - Ift

Wri = 3000lb

W, - 5000lb

A1r - 87ft

Awl 503ft2

HLI=I5ft -

A5-411
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Di
--- 0.667DIHLI = Diameter to height ratio

API E.3.1Ip = Importance factor

S = Site Coefficient

T:- k.J-

S: 1.2

k:= 0.59

T, - 1.87

CI:- 0.6

C21 : 0.7S if TI S 4.5

3.375-S if T1 > 4.5

T 2

C2, =OA.S

W1 = Mass In unison

W21 = Mass sloshing

X1, = Height for W,

X2 1 = Height for W2

X,1= Tank centre of gravity

WI : 0.86-Wtcl

W21 :- .IS-W Cl

X1 :- O.42-HLI

X21 :- 0.79-1L

Hxl p2T

API Table E-2

API Figure E-4

API E.3.3.2

API E.3.3.1

API E.3.3.2

WII -37840Tb

W21 -79201b

X11 =6.3ft

X21 - 11.85T

X31- Ift

St1 = Base shear

Sbl:= Z'IAP.(Ci-W,1 + C-WrI + CI-W1I + C2-W21)

SbI - 7831 lb

if(Fei v FwI > SbI,"UBC Governs, OK","API Govems, Redo")= "UBC GovenMs, OK"

Mb = Moment at bottom of foundation

Mb!: ZIApICI.W,(XsI + h)+ CIWrl(Hi + h)+ c.wi1 .(xi + h)+ C21.w2.(n2 +h)]

Mbl -759391bft

if(Me, v MwI > Mb,"UBC Governs, OK",SAPI Governs, Redo") = "UBC Govems. OK"

A5-412

CALCULATION SHEET

CALC.: NO: 145579-C-CA-016 REV:fl
CALC. TITLE: Reagent Tank Foundations (Fdn #21 and 22) ISSUE DATE: 10 March 2005
PROJECT NO.: 145579
ATTACHMENT:2 PROJECT TITLE:Final DBVS Design
ATTACHMENT TITLE: East Reagent Tank Foundation (Fdn Page: 14 of 22
ORIGINATOR: c CHECKER:
DATE: 11D Ia 5Lo - u DATE: ;; -%z,000

k = Factor

T, Factor

C1 = Factor

C21= Factor



RPP-24544 REV Id

NaOH 50% SOLUTION TANK (36-D74-007)
GENERAL DIMENSION

PC= Performance Class

H2 Height of tank

D2= Diameter of tank

Hlg,= Height to center of gravity Hcg2 :- 0.5-H2
of tank

PC:- 2

H2:= 12ft

D2 : 6ft

Hg 2 - 6ft

Wtr2 Weight of full tank

Wte Weight of empty tank

Wtc2 Weight of tank contents

h = Height of concrete foundation

D12 = Diameter of concrete
foundation for weight

D2 2 = Diameter of effective area
of concrete foundation in

contact with the soil

A22 Area of D22

we = unit weight of concrete

Wc12 = Weight of concrete
foundation

S22 = Elastic section modulus of
foundation

Wtc2:= Wt. - Wte2

D12 :- D2 + 2ft+ Sin

D22:- D2 + 4ft + Sin

A22-' 4 2

(D12

S2z:=
32

Wt:= 270001b

Wte2:= 50001b

Wtc2 - 22000 lb

Attachment 6

Attachment 6

b:= 2ft

D12 - 8.667ft

D22 - 10.667 t

A22 - 89-4 ft2

wc:= 150-
f 3,

ASCE 7 Table C3-2
pg 250

2

Wc12 = 17697.6 th

S22 = 119.148ft

AS-413
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SOIL BEARING CAPACITY

AIlow9C = Allowable bearing
capacity

ActBC m Actual bearing
pressure

FOS 2 = Factor of Safety

AllowBC - 3000 i
2ft

Wte+Wcl 2  lb
ActBC2:= ActBC2 - 500.193-

A22 2

AtlowBC
ActBC2

WIND
Following DOE-STD-1020-2002 and ASCE 7 standards
Method 2 6.5.13

Exposure C

Kz = Velocity Pressure
Exposure Coefficient Y H2):= 0.86 if H2 s 16ft

0.98 if H2 30ft

1.04 if 112 40ft

1.19 if H2 - 75f

"prob" otherwise

Ya(H2) - 0.86

TFC-ENG-STD-06
REV B-1 Table 3
Page 24

ASCE 7 page 75

Kzt = Topographic Factor

Kd = Wind Directionality Factor

V a "Three-second gust"wind
velocity

I = importance Factor

qz=Velocity Pressure

Kzt:= I

Kd:= 0.95

mi
V:= 85-

hr

I(PC):- 1.15 if PC = 2

1.0 if PC a I

I"prob" otherwise

qz:= 0.00256 2-t b-K

I(PC) - 1.15

ASCE 7 page 47
flat ground

ASCE 7 page 76
round

TFC-ENG-STD-06
REV B-1 Table 3
Page 24

TFC-ENG-STD-06
REV B-1 Table 3
Page 24

(1H2).Kzt.Kd.v.I(PC) ASCE 7 page 31
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qz - 1738-
ft2

G = Gust factor :- 0.85 ASCE 7 page 30

if(D2 -JFz > 2.541i,"Use shown Cf factors- ,Change factors") - "Use shown Cf factors"

Cf = Force Coefficient

Cp = Pressure Coefficient

Af2 = Area nornal to the wind

Pw = Wind pressure

Fw2 = Wind force

Mw2 = Wind moment

W02 = Unfactored wind
pressure

if W]

Cf(x) -

H2
0.5 if - <7

D2.

H2
0.7 if 7S-c <25

02

0.8 if 25:5 -
02

"prob" otherwise

= 0.5

Cp:= 0.8

Af2 := II.D2

Pw :- qz.G.Cp

Fw2 := qz->&Cp-Af 2

ASCE 7 page 69

USC page 2-29
Table H

Af2  72ft2

Pw = 11.82lb
R2fF

Fw2 =S851lI

Mw2 : "Pw 2 -(Hcz2 + h) Mw2 - 6807Ibft

Wtf2 +Wcl 2  MW2

A22 S22

A~2
W12= 557-

U2:S 3000 -,"Design is Good","Design is Bad" "Design is Good"
ft

2

Wte2+WcI 2 Mw2
W~u:- A22 S22

W2u2 " 197 I
A2

if(0 s W2u2,"Desig is Good","Design is Bad")- "Design is Good"

A5-415
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SEISMIC

Following 1997 Uniform Building Code (UBC) standards

Seismic Zone = 213

Soll Profile = Sc

lp = Importance Factor Ip(Pc) :j 1.5 if PC a 2
1.0 if PC W l

prob"- otherwise

USC page 2-37
Figure 16-2

Reference S Page 11

USC page 2-30
Table 16-K

Z - Seismic zone factor

Ca = Seismic coefficient

ap Horizontal Force Factor 1

Rp = Horizontal Force Factor 2

hx = Height from ground to
bottom of element

Fe2 = Earthquake Force

Femax 2 = Max earthquake force

Femin2 = Min earthquake force

Me2 = Seismic moment

Ip(PC) = 1.5

Z:= 0.2

Ca:= 0.24

ap:= I

Rp:- 3

. hx := 0.Oft

Fea2 :" ap-Ca-lp(PC)- 1+ 3- -Wt2

Fea2 = 3240Tb

Femax2 :- 4.0.Ca-lp(PC)-Wtj2

Femax 2 = 38880h

Femin 2 :- 0.7-Ca-Ip(PC)-Wta

Femin2 - 6804Tb

Fe2 :- Femin 2 if Femin2 > Fea2

Femax2 if Fea2 > Femax2

Fea2 otherwise

Fe2 = 6804 lb

Me2 :- Fc2-(Hcg2 + h)

USC page 2-30
Table 16-1

UBC page 2-34
Table 16-0

UBC page 2-33
Table 16-0

UBC page 2-33
Table 16-0

UBC page 2-18
1632.2

UBC page 2-18
1632.2

UBC page 2-18
1632.2

Me2 - 544321bft
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E.a a Unfactored seismic
pressure

Wtn+ WC! 2 Me2
Elt2 " +

Elu2 -957 -
ft2

if El, s 3000 ,"Design is Good","Design is Bad" = "Design is Good"

Wtia2+WC1 2 Me2
E~u2 A22 S22

E2u2 =43 T

if (o : E2.2,"Design is Good",.*Design is Bad") - "Design is Good"

LOAD CASES - FACTORED PRESSURE

1.4-(We2 + Wcl 2 )
LCI 2 .= l

LCI2 - 356 --
ft

USC page 2-4
1612.2.1

(12-1)

LC 2 = 1.2D+1.6L LC22 :-
1.2(Wte2 + Wel 2) + 1.6-Wtc2

LC22 - 699
ft

LC 3 a 1.2D+1.OL+1.3W 1.2.(Wte2 + Wc1 2) +1.-Wtc2 +l.3.Mw2 2,S- 12-4)
S22

LC 4 = 1.2D+1.OL+1.OE LC42 -

LC32=625b
R2f?

1.2(Wte2+ Wet 2) + l.G-Wtc2 +.O.MC2

A22 S22

LC42 - 1008lb

ft

max(LC 2 ,LC22,LC3 2 .LC4 2) -1008
2

A5-417
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SLAB MOMENT CAPACITY CHECK
if(Me2 S Mw2 ,*Wind Governs",Seismic Govems") - "Seismic Govems"

Between the seismic and wind moments, seismic has a larger moment.

P0 = Factored downward
pressure from tank and

contents

1.2.(Wte2 + Wcl 2) + 1.0-W:2
PC2 "

Pf2 - 551l
ft

LC4 2 Is the maximum factored upwards pressure. Subtracting the downwards pressure from the upwards
pressure and assuming that the result is a uniformly distributred load along a simple beam, the diameter of the
tank, a conservative moment at the center or the foundation In the top rebar will be found.

(LC42 - Pf2)-D22.....l- tMU = Top rebar moment Mg := 0 Mt - 2056
C I'

Assuming a catilever of 2 feet with the maximum factored pressure LC4 acting as a uniformly distributed load,
the moment in the bottom rebar will be found.

L = Assumed overhang

Mb2 = Bottom rebar moment

Mu2 = Moment resistance per foot

L-= 2ft

2LC42-L2
Mbr:" 2 Mbr2 2016- lb-ft

ft

Mu2 := 40000.lbf
ft

if(Mt A Mbr2s Mu2,"Rebar is sufficient" ,"More rebar is neeced") - "Rebar is sufficient"

American Petroleum Institute - shear and moment check
Of the empty weight 30% is the weight of the roof,

50% Is the weight of the walls and
20% Is the weight of the floor

UBC page 2-22
1634.4 2

W2= Weight of roof

W82 " Weight of tank shell

Ar2 = Area of top and bottom
of tank

A,2 =Area of walls

W - 0.3-Wtc 2

Ws2:= 0.5-Wte2

- it-{(D2 + 6in 2

Aw2:= -D2-H2

Ht2 = Height of liquid HL2:= '12 - 1 ft

A5-418
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Wr2 - '=olb

Ws2 -25001b

A,2 -33 e

Aw2 -. 226ft2

L2 - 1 It
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DjJHL = Diameter to height ratio

I = Importance factor

S = Site Coefficient

T2:= k-I

S- 1.2

k:= 0.59

T2 = 1.45

Cl:= 0.6

C22:= '75S if T2 S 4.5T72

3.375.S if T2 > 4.5

T22

C2 2 - 0.62

W12 = Mass in unison

W22 = Mass sloshing

X12 = Height for WI

X22 = Height for W2

X$2 = Tank centre of gravity

W12 : 0.86-W:c2

W22 := 0.I-8Wtc2

X12 :- 0.42-1I.

X27 :- 0.79-112

12Xs2 :2

API Table E-2

API Figure E-4

API E.3.3.2

API E.3.3.1

API E.3.3.2

W1 2 - 189201b

W2 2 = 3960lb

X1 2 = 4.62 ft

X22 - 8.69 ft

Xs2 -6 ft

Sb2= Base shear

Sb2:- z"API-(C.Ws2 + Cv-Wa + CI-WI 2 + C22.W22)

5b2 =40551b

if(Fe2 v Fw2 > Sb2 ,IUBC Govems, OK!,"API Governs, Redo") . *UBC Governs, OK'

Mb2 = Moment at bottom of foundation

Mb2 :- Z-1Agi[CI[ Ws2-(X 2 + h) + Cl-Wr.(H2 + h) + C-Wl2-(X 2 + h) + C22Wk. 22 + h)]

Mb2-31528ibft

if(Me2 v Mw 2 > Mb2,UBC Govers, OK",API Governs, Redo") - "UBC Governs, OK"

A5-419
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D2
- = 0.545

HL2

1API:- 1.25
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CI = Factor

C22 = Factor

API E.3.1
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GENERAL DIMENSIONS OF WHOLE FOUNDATION

I = Lenght of foundation 1:- 30f

b = Width of foundation b : 24ft

WT = Total Weight

Fwr = Total Wind Force

FeT = Total Seismic Force

WT:- Wc1 4 WcI I+ WcI 2 +Wtf+Wtfl + Wt

W = 2971861b

FW := Fw + Fw, + Fw2 FW= 50 1 lb

FOe:= Fe + Fe1 + Fe2
FeT = 481321b

FRICTION

f = friction coefficient f:= 0.34 Reference 5 Page 4
Table I

ResSD = Resistance from siding ResSD:= Wrf ResSD - 1010431b

if(FwT r ResSD,"Design is Good" ,"Design is Bad") - "Design is Good"

FOS4 = Factor of Safety FOS4:- ResSD
FwT

if(Fej S ResSD,"Design is Good" ,"Design is Bad) - "Design is Good"

FOSS = Factor of Safety FOSS:= ResSD

For

CALCULATION SHEET amecQ
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NaCIO2 TANK NO. 1 (36-D74-005) &
NaCIO2 TANK NO. 2 (36-D74-112)
GENERAL DIMENSION

PC = Performance Class

H c Height of tank

?C:= 2

H:= 16ft

D = Diameter of tank

Hcg = Height to center of gravity
of tank

W41 = Weight of tank

Wte = Weight of empty tank

Wte = Weight of tank contents

h= Height of concrete foundation

D1 = Diameter of concrete
foundation for weight

D:= 10ft

Ilcg- 0.5-11

WyC :- Wtyf- Wte

DI :- D+ 2ft + Sin

D2 = Diameter of effective area of D2:- D + 4ft + Sin
concrete foundation in
contact with the soil

A2 = Area of D2

wc = unit weight of concrete

Wc = Weight of concrete
foundation

82 = Elastic section modulus of
foundation

A2:= L-D22
4

Wcl :- wC-h-.t- D 2( 2

S2:- it*0
32

Heg - 8 ft

Wit:= 823001b

Wtc:= 85001b

WtC - 73800 lb

Attachment 6

Attachment 6

h:= 2ft

Di = 12.667 ft

D2 - 14.667ft

A2 = 168.9ft2

wc:- 150 L
3

ft

WcO =378041lb

ASCE 7 Table C3-2
pg 250

S2=310ft3
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SOIL BEARING CAPACITY

AllowBC = Allowable bearing
capacity

ActBC = Actual bearing
pressure

FOS = Factor of Safety

Wt1 + WclActBC:= !L !
A2

FOS:= AllowB3C
ActBC

AllowBC:= 3000 l
g2

lb
AcIBC=11-

ft
2

Reference 5 Figure 4

FOS - 4.22

WIND
Following DOE-STD-1020-2002 and ASCE 7 standards
Method 2 6.5.13

Exposure C

Kz =Velocity Pressure
Exposure Coefficient

Kzt = Topographic Factor

Kd - Wind Directionality Factor

V = "Three-second gustrwind
velocity

I = Importance Factor

pz = Velocity Pressure

Kz(f):= 0.86 if H ls 6ft

0.98 if H = 30ft
1.04 if H 40ft

1.19 if Hm75ft
"prob" otherwise

Kz(H) - 0.86

Kzt:= 1

Kd:= 0.95

V:= 85

I(PC):- 1.15 if PC=2

1.0 if PC= I

"prob" otherwise

2

I(PC) - 1.15

qz: 0.00256 (- I -rb-Kz(H)-Kzt-Kd-V2.I(PC)

qz = 17.38-
e

TFC-ENG-STD-06
REV B-1 Table 3
Page 24

ASCE7page 75

ASCE 7 page 47
flat ground

ASCE 7 page 76
round

TFC-ENG-STO-06
REV B-i Table 3
Page 24

TFC-ENG-STD-06
REV B-1 Table 3
Page 24

ASCE 7 page 31

A5-423
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G = Gust factor G:- 0.85 ASCE 7 page 30

ifD-Fqz> 2.5-,i,"Use shown Cf factors","Chiange factors") = "Use shown Cf factors"

Cf = Force Coefficient Cf(x):=

Cp = Pressure Coefficient

Af = Area normal to the wind

Pw = Wind pressure

Fw =Wind force

Mw =Wind moment

W= Unfactored wind
pressure

0.5 if2 <7
D

0.7 if 7 S - <25
D

0.8 if 25 H
D

"prob" otherwise

C{ ) = 0.5

Cp:= 0.8

Af:= H-D

Pw:= qz-G.Cp

Fw:- qz-G-Cp-Af

Mw:= Fw-(Hcg + h)

ASCE 7 page 69

UBC page 2-29
Table H

Af - 160ft2

Pw = 11.82-

ft2

Fw= 1891lb

Mw = 18907b ft

Wt + WcI Mw
~2 2_ +

WIu =772-
ft?

if~i 11:30b "esign is coor ,"rnsign is Bad") -"Design is Good"

W~:-Wt + Wc1 Mw

Wku " 213- ~

a2
f,

if(0 SW2. 1"esign is Good" ,"Design is Bad") = 'Design is Good"

A5-424
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SEISMIC

Following 1997 Uniform Building Code (UBC) standards

Seismic Zone = 2B

Soil Profile = Sc
Ip = Importance Factor Ip(PC) 1.5 if PC=2

1.0 if PC= I

"prob" otherwise

UBC page 2-37
Figure 16-2

Reference 5 Page 11

UBC page 2-30
Table 16-K

Ip(PC) = 1.5

Z = Seismic zone factor

Ca = Seismic coefficient

Z:= 0.2

Ca:- 0.24

ap = Horizontal Force Factor I

Rp = Horizontal Force Factor 2

hx= Height from ground to
bottom of element

Fe = Earthquake Force

Femax = Max earthquake force

Femin = Min earthquake force

Pea: ap-Ca-1p(PC)Fe = Rp .(

ap:= I

Rp:= 3

hx:- 0.Oft

+ 3.).Wt.

Fea= 98761h

Femax:- 4.0.Ca.Ip(PC).Wtk

Fenax - 1185121b

Femin:= 0.7-Ca-Ip(PC).Wty

UBC page 2-30
Table 16-1

UBC page 2-34
Table 16-0

UBC page 2-33
Table 16-0

UBC page 2-33
Table 16-0

UBC page 2-18
1632.2

UBC page 2-18
1632.2

UBC page 2-18
1632.2

Fernin = 20739.6 lb

Fe:- Femin if Femnin > Fea

Femax if Fea > Femax
Fea otherwise

Fe = 20740lb

Me = Seismic moment Me:= Fe-(Hcg + h) Me - 2073961bft

AS-425
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E= Unfactored seismic
pressure

Wt + Wcl Me
El0 := +

A2 S2
lb

Elu - 1380-
ft

2

if Elu : 3000- ,fDesign is Good","Design is Bad" = "Design is Good"

ft2

E2&:= W + Wc Me
A2 S

E2u = 43-
i2

if(O S E2.u,"Design is Good" ,"Design is Bad') = "Design is Good"

LOAD CASES - FACTORED PRESSURE

LC 1 = 1AD

LC 2 = 1.2D+1.6L

LC3= 1.2D+1.0L+1.3W

LC 4 =1.2D+1.OL+1.CE

0

IA.(Wt, + wcI)
LCI :-

A2
LCI = 384-

R2

LC2:= I.2(Wte + Wc) + 1.6-Wt
A2

LC2 - 1028-
2

1.2-(Wt + Wa) + 1.0-Wtc 1.3-Mw
A2 S2

LCM - 845 t

.2

L = Ia.2-(Wt8 + WcI) + 1.0-wt, l.O-Me
A2 S2

LC4 
b 1435

ft2

max(LCI,LC2,LC3,LC4) =1435 lb
2

UBC page 2-4
1612.2.1

(12-1)

(12-2)

(12-4)

(12-5)

A5-426
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SLAB MOMENT CAPACITY CHECK
if(Me r MwWind Governs" ,Seismic Governs") - "Seismic Govems"

Between the seismic and wind moments, seismic has a larger moment.

Pf = Factored downward pressure P1:=
from tank and contents

1.2-(Wte + Wel) + 1.0-Wtc

A.2

Pf- 76lb ?766
ft2

LC4 is the maximum factored upwards pressure. Subtracting the downwards pressure from the upwards
pressure and assuming that the result is a uniformly distributred load along a simple beam, the diameter of the
tank, a conservative moment at the center or the foundation In the top rebar will be found.

Mt= Top rebar moment
(LC4 - Pf)D 2

8 M.- 8370lb-ft
ft

Assuming a catilever of 2 feet with the maximum factored pressure LC4 acting as a uniformly distributed load,
the moment In the bottom rebar will be found.

L = Assumed overhang

Mb = Bottom rebar moment

Mu = Moment resistance per foot

L:= 2ft

Mbr ILC4*L
2

Mr= 2 br - 2871b-ft

Mu:= 40000 -
Rt

if(Mt A Mbr s Mu,"Rebar is sufficient","More rebar Is neeced") - "Rebar is sufficient"

American Petroleum Institute - shear and moment check
Of the empty weight: 30% is the weight of the roof,

50% Is the weight of the walls and
20% Is the weight of the floor

UBC page 2-22
1634.42

Wr =Weight of roof

W, - Weight of tank shell

At = Area of top and bottom
of tank

A, = Area of walls

HL=Height of liquid

Wr: 0.3 .Wte

W,:= 0-.-Wt,

D+ 6in 2

,:- x-D-H

HL.:H- Ift

DIH = Diameter to height ratio
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IA Importance factor

S = Site Coefficient

T:- k.

JIp, :- 1.25

S:= 1.2

k:= 0.59

T = 1.87

C1:I 0.6

C2:= 075if TS4.5
T

3.375-S if T > 4.5

C2=0.48

W1 = Mass In unison

W2 a Mass sloshing

X1 =Height forW,

X2 = Height for W2

X5 = Tank centre of gravity

WI:- 0.86.Wtc

W2= 0.1 8-Wtc

XI =0.424L

X2:- 0.79-H,1

Xs I

API E.3.1

API Table E-2

API Figure E-4

API E.3.3.2

API E.3.3.1

API E.3.3.2

WI 63468Tb

W2 13284 lb

XI =6.3ft

X2- II.85ft

s - 8 ft

Sb= Base shear

Sb -" Z'API-(Cl -VS + C-Wr + Cl-WI + C2.W2)

Sb=1 2 14 2 Ib

if(Fe v Fw > Sb,"UBC Governs, OK7,"API Governs, Redo*) - "UBC Governs, OK"

Mb= Moment at bottom of foundation

Mb - z.lApM.[Cl-WS.(Xs + h) + CI-Wg(H + h) + Cl-WI-(XI + h) + C2-W2-(X2 + h)]

Mb-I14465Ibft

if(Me v Mw > Mb,"UBC Governs, OK","API Governs, Redo") - "UBC Governs OK"

A5-428
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Na2S TANK (36-D74-006)

GENERAL DIMENSION

PC = Performance Class

H, = Height of tank

D, = Diameter of tank

PC= 2

11,:= 121.5in

D, : 102in

1I - 10.1ft

Di - 8.5ft

Heg, = Height to center of gravity lucg1 := 0.5-i
of tank

Wt = Weight of full tank

Wty, = Weight of empty tank

Wte,= Weight of tank contents Wtc: = Wttl - Wte

h = Height of concrete foundation

D1, = Diameter of concrete
foundation for weight

D2, = Diameter of effective area
of concrete foundation In
contact with the soil

A2, = Area of D2

wc = unit weight of concrete

Wcl1 = Weight of concrete
foundation

S2, = Elastic section modulus of
foundation

D1I D +2ft+ Sin

D2 :=D + 411 + Sin

A21i:'D

Heg1 - 5.052 ft

Wtf = 312001b

Wte := 40001b

Wtci = 2 72 00 Ib

h := 2ft

D1 1 -lt.167 ft

D21 - 13.167 It

A2 1 - 136.2ft2

wc := 1501 L
ft,

Attachment 6

Attachment 6

ASCE 7 Table C3-2
pg 250

Wcl I :- wC.h.L. _ Wci - 293801b
2

n-D253
32 S21 - 224 fO
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SOIL BEARING CAPACITY

AllowSC = Allowable bearing
capacity

ActBC, = Actual bearing
pressure

FOS, = Factor of Safety

WIND
Following DOE-STD-1020-2002
Method 2 6.5.13

Exposure C

Kz = Velocity Pressure
Exposure Coefficient

AllowBC:- 3000 l
2

Reference 5 Figure 4

Wtgi+ W1 1ActBC := ActBC1 = 444.929 --
A21te

FOS, : AllowDC
ActBC1

FOS = 6.743

and ASCE 7 standards

Kz(HI) :- 0.86 if 11 s 16ft

0.98 if Hi -30ft

1.04 if H, =40ft

1.19 if I -75ft

"prob" otherwise

xc(j) -0.86

TFC-ENG-STD-06
REV B-1 Table 3
Page24

ASCE 7 page 75

Kzt = Topographic Factor

Kd = Wind Directionality Factor

V = 'Three-second gust" wind
velocity

I= Importance Factor

qz = Velocity Pressure

Kzt:- 1

Kd : 0.95

V:- 85-
hr

I(PC):= 1.15 if PC=2 [(PC) - 1.15

1.0 if PC 1

"prob" otherwise

qz:= 0.00256 ( 2b-KHl)-Kzt-Kd-V2-I(pC)
un:.ft)*

ASCE 7 page 47
flat ground

ASCE 7 page 76
round

TFC-ENG-STD-06
REV B-1 Table 3
Page 24

TFC-ENG-STD-06
REV B-1 Table 3
Page 24

ASCE 7 page 31
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qz= 1738-
2

G = Gust factor G:= 0.85 ASCE 7 page 30

if(DI -qz> 2.54iI>,'Use shown Cf factors" "Change factors") = "Use shown Cf factors"

Cf = Force Coefficient Cf(x):
H1

0.5 if - <7
DI

0.7 if 7 L <25

0.8 if 25S-

"prob" otherwise

C )_ 0.5

ASCE 7 page 69

Cp = Pressure Coefficient

At, = Area normal to the wind

Pw = Wind pressure

Fw1 = Wind force

Aft :- H1i-Di

Pw:- qz-G-Cp

Fwl := qz-G-Cp-Af1

Cp:= 0.8

Aft = 85.885 ft2

Pw = 11.82
ft2

Fw1 - 1015b

UBC page 2-29
Table H

Mw1 = Wind moment

W., = Unfactored wind
pressure

MwI := Fwi-(Hcgi + h) Mw -,71571bft

Wtgi+WelI MwI
W I := + -S21

WI1u-477
A2

if W 1 S 3000 ,"Design is Good","Design is Bad" - "Design is Good"

Wte1 + WclI MwI
W2I A 1  S2

W2u I= 213-
f,

if(O :5 w 2 ui 1,"Design is Good" ,"-Design is Bad") - "Design is Good"

A5-431
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SEISMIC

Following 1997 Uniform Building Code (UBC) standards

Seismic Zone = 2B

Soil Profile = Sc

Ip = Importance Factor p(PC) := 1.5 if PC a 2
1.0 if PC= I

I"prob otherwise

USC page 2-37
Figure 16-2

Reference 5 Page 11

UBC page 2-30
Table 16-K

Ip(PC) - 1.5

Z:= 0.2

Ca:= 0.24

Z = Seismic zone factor

Ca = Seismic coefficient

ap = Horizontal Force Factor I

Rp = Horizontal Force Factor 2

hx = Height from ground to
bottom of element

Fe, = Earthquake Force

Femax, = Max earthquake force

Femin, = Min earthquake force

Me, = Seismic moment

Pea2 := ap- CaIp(PC). 1

ap:- I

Rp :- 3

hx- O.Oft

+ 3 -W44t

Feat - 3744 lb

Femax1 :- 4.0-Ca.1p(PC).Wtn

Femaxi - 44928lb

Fenin1 : 0.7-Ca-p(PC).WtfI

Femin - 7862.4 lb

Pet: Fenin, if Femin 1 >Fea .

Femax1 if Feat > Pemanx

Fea2 otherwise

Fe2 -7862Alb

Me, = Fe1 -(Hcgj + h) Me1 - 55446.3 lbft

UBC page 2-30
Table 16-

UBC page 2-34
Table 16-0

UBC page 2-33
Table 16-0

UBC page 2-33
Table 16-0

UBC page 2-18
1632.2

UBC page 2-18
1632.2

UBC page 2-18
1632.2
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E 1 aUnfactored seismic
pressure

Wt+Wcl1 Me,
Elul:- A +

A21 S21

El 1 - 692--
2ft

if Elul s 3000-,LDesign is Good","Design is Bad" * Design is Good"
2 )

Wta+Wcl1 Me1E2u I:- -t,+WC C
A1 S2 1

E2i= 198-
ft
2

if(O S E2.ui,"Design is Good" ,"Dcsign is Bad") "Design is Good"

LOAD CASES - FACTORED PRESSURE

1A.(Wtel + Weli )
LC11.D LClI.

LC I =343-
f2

USC page 2-4
1612.2.1

(12-1)

LC 2 = 1.2D+1.6L
1.2(Wtil + WClI) + 1.6.Wtl 1

A2
1

LC2 - 614-
f2

LC 3 1.2D+1.0L+1.3W

(12-2)

1.2-(Wt,l + Wcl )+ I .0-Wtel +1.3-Mwl 2A
+ S12 -4)

LC3=535-
2

LC 4 = 1.2D+1.0L+1.OE LC41 =
I.2-.(Wt 1 + Wl ) + 1.0.Wtc 1

A21

1.0-Mej
+ -(12-5)

LC4l = 741b
2

max(LClI ,LC2I,LC3ILC4I) -741 l
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SLAB MOMENT CAPACITY CHECK
ir(Mej s Mwl,"Wind Govems","Seismic Governs) = "Seismic Govems"

Between the seismic and wind moments, seismic has a larger moment.

Pt = Factored downward
pressure from tank and
contents

1.2.(Wtei + Wct1)+ 1.0-Wt ,

A21

P .494-
ft

LC41 is the maximum factored upwards pressure. Subtracting the downwards pressure from the upwards
pressure and assuming that the result is a uniformly distributred load along a simple beam, the diameter of the
tank, a conservative moment at the center or the foundation in the top rebar will be found.

M1, = Top rebar moment Mfrt :M(LC41 - PI)-D1
2  bft

:Mi , 2 23 5 t

Assuming a catilever of 2 feet with the maximum factored pressure LC41 acting as a uniformly distributed load,
the moment in the bottom rebar will be found.
L = Assumed overhang L:- 2ft

M = Bottom rebar moment

Mu, = Moment resistance per foot

LC41 L2
MbrI:= 2

lb-ft
Mbrl = 1483 bf

Ibt
Mui := 40000 -

ft

if(Mu. A Mbrl S Mu1 ,"Rebar is sufficient","More rebar is neeced") = "Rebar is sufficient"

American Petroleum Institute - shear and moment check
Of the empty weight 30% Is the weight of the roof,

50% Is the weight of the walls and
20% is the weight of the floor

USC page 2-22
1634.42

W = Weight of roof

W,, = Weight of tank shell

Ar.1 Area of top and bottom

of tank

A, = Area of walls

HL1 = Height of liquid

Wrl 03.Wtet

W1 0.5.Wtc1

(Di + 6in 2
Arl 7"- ( 2 )

Awl := xDI-HI

1L1 := Hi - lIft

Wrl = 12001b

WSJ = 20001b

2
ArI a 64 ft

Awl =270 ft
2

HL " 9.104ft
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DI/HL = Diameter to height ratio

'AP= Importance factor

S = Site Coefficient

C21 : 75 if T, :
0.75s

3.375-S if TI
T12

S:- 1.2

k:- 0.59

Tj = 1.72

Cl:= 0.6

API Table E-2

API Figure E-4

API E.3.3.2

API E.3.3.1

API E.3.3.2
4.5

> 4.5

C2, - 0.52

Wi1 = Mass in unison

W2, = Mass sloshing

X1I = Height for W,

X21= Height for W2

X,- - Tank centre of gravily

WlI : 0.86.Wtci

W2, :0.18-Wtc

X1 := 0.42.H1

X2 = 0.79 .HLI

2

Wit =23392lb

W2, =4896lb

X1 - 3.824ft

X2, -7.192 ft

X31 =5.052 ft

S6 1 = Base shear

SbI := Z-1Al(CI-Wst + CI-Wrl + Cl-W1I + C21.W2 1)

Sb1 - 46291b

if(Fe1 v Fw > Sb,"UBC Governs, OK","A1I Governs, Redo")

Mb = Moment at bottom of foundation

- "UBC Governs, OK"

Mb : Z-'Ai[CIW, .(Xl + h)+ C1-Vrl.(HI + h) + C-W 11-(Xi1 + h) + C21.W2 1-(X2I + h)]

MbI - 306161bIt

if(Met v MwI > Mb ,"UBC Governs, OK","API Govems,Redo") - "UBC Governs, OK"

A5-435

CALCULATION SHEET

CALC.: NO: 145579-C-CA-016 REV:.
CALC. TITLE: Reacent Tank Foundations fFdn #21 and 221 ISSUE DATE: 10 March 2005
PROJECT NO.: 145579
ATTACHMENT: 3 PROJECT TITLE:Flnal DBVS Design
ATTACHMENT TITLE: West Reagent Tank FoundationFdf#2 Page: 14 of 15
ORIGINATOR:3 a... CHECKER:. 4uyP
DATE: /,r,d /o / < ' DATE: n., 0 .

- = 0.934
HL1

Ipl:- 1.25 API E.3.1

k = Factor

T,= Factor

C1 = Factor

C2, = Factor

Di
Tl k- -
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GENERAL DIMENSIONS OF WHOLE FOUNDATION

I= Lenght of foundation

b = Width of foundation

WT a Total Weight

Fw 7 = Total Wind Force

FeT = Total Seismic Force

I:= 36ft

b:- 29ft

WT: - 2Wcl + WclI + 2Wtf+ Wt0

FwT:= 2Fw+ Fw1

Fe-:= 2Fe + Fe1

WT - 300788lb

FwT = 4797 lb

FeT= 493421b

FRICTION

f = friction coefficient f:- 0.34 Reference 5 Page 4
Table I

ResSD = Resistance from siding ResSD:= W-f ResSD = 10226&0681b

if (Fw S ResSD,"Design is Good" ,"Design is Bad") = "Design is Good"

FOS4 = Factor of Safety FOS4.. ResSD
FwT

if(Fers5 ResSD,"Dcsign is Good" ,"Design is Bad") = "Design is Good"

FOSS = Factor of Safety FOSS:= RcsSD
FeT
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Rebar Design for Foundation Pads or Slabs
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AMEC - Trail CMI Group.

Project GeoMelt -Final DBVS
Foundation description:

Re-bar Design For Fdn Pads or Slabs
Ref: ACI 318
Bars: Top or Bot only =1, Top & Bot =2
Ify psi
rc psi

Mu k-ft
b in
h in
d . In

A =0.59 *tyfc
B = -1 _

C Mul( 4bd^2y)
* Ru =Mu bd^2

P (1)
p (2)
p (temp)
p min
Selected p for design
Check p < p max
As reqd per ft (temp) in2
As reg'd (design) in2
As req'd (1.33 *design) in2
As req'd(min) in2
Select design. 1.33design or min
As required in2
Bar #
As per Bar
Bar Spacing in
Total As per ft

fc
fy

P1 = 0.85-0.05*(fc-4), >=0.65
pb=0.85*p1*fc*87000(fy*(fy+87000))=

pmax -0.75*pb =

01/282005

Reference: 145579-C-CA-016
Foundation 9 21& 22

0.9

10.

0.0033

OK
0.26
0.45
0.60
0.60
0.60
0.60

M0.61OK'

4000
60000
0.85

0.0285
0.0214

60 ksl normal
3-4 ksl normal
0.9 normal
required Mu
unit width or tuff width
slab thickness
depth of steel

0.18% typical

considers top and/or bottom

applies If 1.33 not used

(diameter in eighths)

OK or NG (no good)

Attachment:
Calt. No.:
Rev. No.:
Sheet

4 -
145579-C-CA-016

0
1 of 1

ACI-Concrete Design.xts
A5-438
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145579-C-CA-016

Attachment 5

E-mail Dec 17, 2004 from Brad Hupy, P.E. (author
of DBVS Geotechnical Report) to P. Meyer
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- Paul Meyer (Trail)

From: Brad Hupy
Sent: Friday, December 17. 2004 2:47 PM
To: Paul Meyer (Trail)
Subject: RE: Questions about the soils and report at Hanford

In order to have frost heave three things are needed; water, low temperature, and soil fine for enough for capillary potential
to raise the water to the freezing front. Because Hanford is a near desert climate, there Is little water near the ground
surface. Within a The tabulated capillary rise for fine sand is In the range of Ito 11 feet and for medium sand In the range
of 0.3 to 1.5 feet. Hanford certainly Is cold enough In the winter to freeze water.

The lttle water in the near surface soil does frbeze but the associated heave Is negligible. The s6nd will not support
capillary rise of several hundred feet that would be required to produce (feed) a growing freezing front and cause
damaging heave. In our opinion, there is little risk of frost heave in the soil at the project site.

Attachment: 5
Calc. No.: 145579-C-CA-016

-OdIginal Message- Rev. No.: 0
.From: Pal Meyer (Tra Sheet 1 of
Sent: Friday, December 17, 2004 1:47 PM
To: Brad Hupy
Subject: RE: Questions about the soils and report at Hanford

Question: Is It possible to state that a soil Identified as SP' (i.e. sand with few fines) will not be subject to frost
heaving? Especially If it Is very deep (e.g. our site at Hanford)

-Paul
-Oginal Message-
From: Brad Hupy
Sent: Tuesday, December 07,2004 9:09 AM
To: Paul Meyer (Trai)
cc Tony Heim
Subject: RE: Questions about the soits and report at Hanford

Paul,

This Is really pretty simple. The frost depth cited In our report Is from statewide tabulation. If Hanford has
determined and published site specific frost depth measurements then they may be used In lieu of the tabulated
data. Site specific data Is commonly used in this is way. A very good example is seismic ground motions.

-- rIginal Message-
From: Pai Meyer (Tral)
Sent: Monday, December 06, 2004 4:33 PM
To: Brad Hupy
Cc Tony Helm
Subject: Qesons about the solts and report at Hanford

We are still awaiting approval from the "Independent Qualified Registered Professional Engineer" (IORPE)
who Is checking our foundation designs to ensure they will satisfy all design criterla.

He has raised the following points/questions:

Your report indicates a frost depth of 45 Inches for granular soil and recommends a foundation depth of 48
Inches for critical structures. This Is at odds with Hanford's' own measurements (See pages 26 through 28 of
the attached Hanford document) which indicate that a temperature of 32 F has never been achieved at depths
of only 36 Inches. This Is causing some problems for us, as the IQRPE wants us to conform to the
requirements of the Geotech report in addition to Hanford's own design criteria

For your Information, we have three types of foundations on the site. Foundation depths below grade are 45.6,
36.6 and 21.6 Inches. Actual concrete thicknesses are 48, 39 and 24 Inches, with the top of concrete set at
663.00 feet, while surrounding grade is at 662.8 feet. We removed the native soil to elevation 661.000 and

I
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brought the local grade up to 662.8 with compacted crushed rock.

The four 48" foundations consist of two chimneys, and two large steel structures. These are all "critical
structures to use the phrase from your report. Foundations are unif6rmly 48" thick, and are 10'x12' and
20'x30' feet for the two chimneys, and 30x44 and 24x62 for the two steel structures. Foundations are not
enclosed.

The single 39" foundation is a pre-engineered building, measuring 50 feet wide by 84 feet long by foundation
consist of a single 12" thick stab with a thickened (to 39") edge. The building will be heated, and have an
overhead crane.

The many (-100) 24" deep foundations support single pieces of freestanding equipment or "utility polesh that
are connected by pipes, cable trays and ducts. Foundations are uniformly 244 thick and vary In size frbm
44x24 to 6x6 feet Most are the 6x6 ones. Minor seasonal movement of the foundations would not be a
problem. Actual gravity loads are quite light, typical values are substantially under 250 psf, yes, that's 250, not
2500. Foundations are not enclosed.

All the foundations will bear on compacted native soil, which was prepared as recommended in your report.
As noted, the native soil Is basically a gravelly sand, with few fines. I don't believe It Is frost-susceptible.

Could you please reply to the following questions, raised by our reviewers?

1) Is the frost depth of 45 inches correct? Seems deep compared to other references.

2) Is the frost depth of 45 inches still valid, given we have removed some native soil, and the surface is now
covered with 1.8 feet (21.6") of compacted crushed rock? Does the crushed rock make a difference?

3) Are the depths of foundations shown above for the various types of foundations suitable for the uses
described?

4)IS frost heave an Issue for the foundations as described?

Thanks for your help on this. I'll be traveling to Hanford on Tuesday Dec 07, for a meeting Wednesday, Dec
08. 1 will have e-mail access while there. I will be traveling back to Trail Thursday, Dec 09 and back in the
office Friday, Dec 10. Best way to contact me Is via e-mail until Friday, phone after that.

Paul Meyer, P.Eng.
Senior Structural Engineer
AMEC Americas Limited Atlachment: -5
Energy and Mining Division Cala. No.: 145579-C-CA-016
1385 Cedar Avenue Rev. No.: 0
Trail BC Canada V1R 4 C3
1-250-368-2407, fax 2455 Sheet 2 of
paul.meyer@amec.com

<< File: HNF-SD-GN-ER-501 (Rev. 1).pdf >>

2
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*Paul Meyer (Trail)

From: Brad Hupy
Sent: Wednesday. October 20, 2004 8:31 AM
To: Paul Meyer (Trail)
Cc: 'rnlchael.custer@dmJm.com'; John Stephens (TRL): Tony Heim
Subject: RE: Allowable soil bearing pressure at the DBVS Project In Hanford Washington

Paul,

As we discussed yesterday afternoon, the near surface sand at the DBVS site Is a relatively good foundation soil. All of
the loads Imposed on foundations at the DBVS can be considered light and allowable bearing capacity is controlled by
elastic deflection rather than shear failure. It would be appropriate to use a single allowable bearing capacity for all
foundations of 3000 psf. Our analysis indicates that foundations loaded to 3000 psf will deflect under full loading in the
range of 0.1 to 0.3 Inches.-

-Original Message-
From: Paul Meyer (Tral)
Sent: Tuesday, October 19, 2004 2:20 PM
To: Brad Hupy
Cc 'michaelcuster@drnm.cm'; John Stephens (TRL); Tony Helm
Subject: Allowable soil bearing pressure at the DVS Project in Hanford Was*gton

Would it be possible for you to provide a simplifyirig statement to me concerning the allowable bearing pressure for the
compacted native soil at the Hanford DBVS Project? This site was the subject of your report 4-94M-000310-660, April
2004.

While Mike Custer and I understand the load/settlement curve presented as Figure 4 in your report, and that the
allowable bearing pressure increases with greater loads, It doesn't seem to be translating well for the non-civil/Geotech
audience. Most of them are used to seeing a single 'allowable pressure' number.

I have assumed a minimum safe bearing pressure of 3000 psf, which I believe to be conservative. I have also advised
that, as per your report, and increase of 1/3. I.e. to 4000 psf, Is appropriate for transient loads such as wind or seismic.

Would it be possible for you to confirm this by return e-mail? Thanks. If you have any questions, please call.

Paul Meyer, P.Eng.
Senior Structural Engineer
AMEC Americas Limited
Energy and Mining Division
1385 Cedar Avenue
Trail BC Canada VIR 4C3
1-250-368.-2407, fax 2455
paul.meyer@amec.com Attachment _

Cac. No.: 145579-C-CA-01
Rev. No.: 0
Sheet 3 of 3
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145579-C-CA-016

Attachment 6

Technical Data Sheets
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TECHNICAL DATA SHEETS
amec9

Date I 09-Fe"-O I 74-Feb-03
By ALP AP A I
Osked DW DW

Re.A B

07-Mar-O Attachment
Cat. No.:
Rev. No.:
Sheet

6
145579-C-CA-Cl

0
W of

A5-444

PRJECT:D557-DOS-058.5 REV. C
PROJECTNO. 579 NOH 15% Solution Tank

EF. NO.: O-113; 36-IU11A;
UEW. AMEC ESE - Ricland Waahngton 'o. w413

N& ReqUired I Area Off Gas 36
PID | F-145579-36-A-0102 Stream No-

Eteferuce spe rncasea: WA yAw"ran= " LeveI I CO

atim g Conditions R"_ Rev

Locatk (IandooaOusdoon) Outoon Enviwomcntal Conditions
Operation (Coudnoou /Interittent) Intettint Amhient Ternpathre Range (F) -25w D22
Daysperycar 363 Relaiv 1hanidityRange (s) on :w
Hours per day 24 Hall Diamneer on) -CWro."s
Noiso Level Allowable pc8 hr shill (dB -La) .85 Sand and dust coccatraona tbn) Lz 30
Shiftength (111 1 -typicalSi= (R) a
Noise Level Allowable (d) 5 SolarRadiaton (lthr pedod) Gsgier) 900
Site Elevation (f) 663 Availability (%) 95
hsin Otadoor Operational Savice (ear) 2 Environment - Radioactive No
Max Outdoor Opendonl Ti (y"a=) ! -Toxic - yes
Mainained Opertng Tenterwre (M) 77 -Corrosive to steel on ambient ter No

_________________________ _____-Flaminable We
Storane Tank InforatIon -

General Tank Attachments
Mainufaawar (or approved equal) Hethnd Site Level Gage no
Mode Number Dou~e Wai 5I3-2 Manway and FIlJ Cap (Noo-sealed O) ES

fuid to be startd Composidon Vent Pipe Yes
-water 5 Tank Accessories
-NaOH -caustic % ts Laddcs Yes

Viscosity (1) .07 Tie Down System Yet
Specific Gravity 1.16 Tank Level Sensing System Yes
Double Wall Swting. Capacity Us0 e0o Power Supply 24VDC
Overall Dimensons -Intfa opoas for clictcntrol system

DItaMu (n) 96 Fluid Isolation Valves
mhigbI (1) 26 -Suctin Line Yes

Masedal cubomsted -Discharge Lne Yes
Density ala Process temperasure sensor for heater controller Yes

Shipping Weight UQs tWo 36.D7-1131 MIxedAgitacM
operating Weight (lb)* 54000 MAnUfleu Caiveid Etem Mikci

luid ressurn TYPe ipntry. opmndur p .M SimAly dhen BHD
Tank Fittings (Nozales) Mior bp) 2

Fill-in VYobagohbasduM (MfftM) 480r3*O
I -causi In) 2

N2 *Was (In) 2 3-D91-0113B Ma Tank neater
N3 Druw-out 0) 2 volne (VJMMz) 48MO
N4 Level Transanter Cis) 3 EectAl pow W) 53

Fitting -Drain Yes r-uepesurn a P- (rype K -thrmoecOple) Yes
Using -Inide Ya taiueaomu(udvefo-mnm3) No

-type . *mu hr haftenadsc MM) Yes
Thermal Insulation a D61.0113A N OR IS%Taak pump

-type * M nae Wa
DiaphIapag DcsspaueNt Ar Der aNnp'pe Pi

F kw (pWO) 1.27

-ot Cynie Head (tWO) 54.5
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PROJECT. FinalD06W Design Of145573O-S-0SA REV. C
PROJECT NO.: 1455 - NeOH 50% SoIUiao Tank

IENT: AMEC EE-li M aEdWA"gonO.: 3I-74-oufl3S-.On-eo7u

.n quired lAres Of n 36
&IW F-143579-36-A-0104 StnaM N.-

Reference N/A QmHtyAnurasce LeSvd T 3
3 redtc Cond ez REr .ev
Lcadon (lcdomn/w doos) Owdoen Eavironmeaw Conditios
Operation (Continuous / lInerittent) macinsmt Ambient Tempat Range Ct 6 - 5its
Dyperyesr 365 ReladvethumIdItyRange (5) 1t1 010

~omrs per day 24 alI Diameter . i) cnOS
Nolse LevelAowable per 8 hr shift (fa -Lax as Sand and dust cocentratios. .. mftJ 7tW .

ShiftLength bfs) a -tydialte (mm) 0.ts
Noise Level Allowable (d) U5 Solar Radiatlon (12-hcwpcdod) - aqOer) 9W0
Site Eevaden (a) 63 Availability () 95

mn Outor Operadonal Service yea) 2 Environment - Radioactive ND
Max Owdoor Cpkralooal lime (yur) 3 -Toxic Yes
Maintained Operating Temperatum ( 7 - Corrodve to steel at ambient N.

-Flammable N.
Sterage Tank Infermation
General Tank Attarhments
Manufacturer (cg approved equal) . HI t Site Ivel Gage - . o
Mode! Number Doe". Wai UL.142

uLid to be stored Composition Manway and Fll Cap (Non-sealed r') is
-water 5 50 Down Pipe N.
-NaOH-Caustic so Vent Pipe (n) 6

Double Wall Storage Capacity Usc 2DM
Overall Dimensions Tank Aeesoies

Diameter (In) 64 LdersYs
eiMght 0a) 144 Tie Down System Yes

Matedial Carb Sted fuid Isolation Valves
Density %a - Suction Line as

Shipping Wight Ooe M 0IM - Discharge Line Ya
Opendag Weight Qs)* 2700 Fluid Temperature Iodicatomifansduces-by Others Ya
Fluid press== WM2 - Entering ai
TankFlttngs (Nnles) -Laving - sh
Ni t-In () 4 Tank Lev Sensing System-by Others Yes
N2 Drw-aot On) 2 Power Supply 24 VOC

N3 Level Transmitter (n) 2 -Interface options for client cOlD system
M4 Spam .in) 2

36- D91-007B NaOHl mnezzion Heater& Centroler
Fining -Drain Yes - Single-point non-tused disconnect switch yes
UinIng -Inside Ya -Electdcal Power (kW 2

-type -Voltage/Phase/Hatz (VnbH) 2411MG
Thermal Insuladon Ya - .ine voltage thwinostat yes

-type * -Resetiable over-twMpuabre cut-alt Yes

B-- AP A I
Chke DW OW - g

WI-Mar-In

Rev. A

Attachment:
Cakc. No.:
Rev. No.:
Sheet

G
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Attachment:
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Date

By

PROJECT: Final DEVS Design 14557M-D-DS-d5a. REV. C
PROJECT NO: 145573 NOC=02 Tank .l and No.2
MA P. I AWE EAE - RnNd W= , g j EO.NO.: 3074-0 & 36-074-112

'4o.Vegnbrd 2 AraOff Gas 36
&I F-145579-36-A-0104 Stream N&.

Rderem Specicmdei WA 1oality Aswmmnce IVl
Data Sheet 1c3

Dpatedus C ns Rfin. Rev

Location (la&xOs/Outdoon) Cudoon Enviranmental Conditions
Operadon (Condnuous Ilnterdvent) htruninesi Ambient Tempeatme Range CP) .w 215

Days per year 5 Relative lthnidity Range (%) 10tow 5
Rou perday 24 HaiDiameter ) Ur0.75
Noise Level Allowable per I hr shia (dO- L ) eta Sand and dust concentratiom 11 x ID
ShiftLength (rs) S -typical size in) 0.15
Noise Level Allowable (d) s Solar Radiation (12-ha pedod) Clante) 900
Site Devation () 663 Avaflability (S) 95
Min Outdoor Opendonal Service besn) 2 Environment - Radioactive No
Max Outdoor Operadocal lime . ar) S -ToxIc : Y
Maintained Operating Temperature 77 Conlfve yes

-Flammable No
Stnnzae Tank Information
General - - -'-- -~ TankAttachments
Manufacturer (or approved equal) - KEIW Site Level Gage Yes
Model Number S6OWfllrT. Foeat Level Gage Y -7
Fuld to be stored Composition Manway And il Cap (Non-sealed fin) I a -

-water % 87.5 Down Pipe P M'-
-NaCO 2Sodium Chlorite % 2. Veat Pipe (in) 6

Double Wall Stoge Capacity USG 6500
Overaf Dinensions 7 Tank Accessories

cDimner Cm) 12D Ladders Tank-SaverPlatform Ya
elight ) 2912/4 Tie Down System No

Maerlil NDPE igh Den y t Tank Level Sensing System-by Others Ta
Density S Power Supply 24 VDC

Shipping Weghmt ( 500 1W -Intaface options for client cntol system
Operating Weight Ob) 52300 Fud isolation Valves
Fluid pressre t-r*E - Suction Lie Ye
Tank Jitinv (Nonles) as per Mg.1 - Discharge Line Yea
NJ FI-In (in) 4 Fuid Temperatue lodicatorflansducers-by Othm Yes
N2Draw-mt (in) I
N3 Level Tranwier n) 2 36-D91.-005 aCOfnmnarioc Ieaer& Conlreer
N4 Spare (in) 2 - Sinle-point non-fused disconneat switch Ya

Nozzle E1evatons * -Electrical Power (kW) 2
hing-r1iwn -Vokagri/hasReiltz (Vba) 24M)to

Lining -Inside AhNA. -Line volage twermoat Ya

-type * .Resettable ove-tempeatur (212F) cut-at Yet
Themal Insulation ya 34. D9 1123 NaC02 Jnmrnon Ileater& Controller

-.type . SIngle-poi non-ined disconnect switch Yi
-Electrical Power (kW) 2
-VokageThaseffieatz VatR) 24WtAO
-Line voltage themostat ya
-Rettable ovr-temperature (212F) cut-out Yet

I
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PROJECP _Fkn DBV Des) 145579.-D0S-58.3 REV. C
PROJECT NO.: 14573 . Na2S eTank
MjENT: AMEC E r*cM dWaSing1M E.O.: 6-174-006 & 36-61-0063

No.Reqabred I Ar- I Off GMs 36
raD F.145579-36-A-4104 Strbum NO.
Refermene Spe~m=on: N/A uOty Aumnam Leel C
Data Sht l of 2 -a

-;;* i;RO Me:PA
Lm (lndowioutdoon) OMern Envirournental Conditions
Operation (Continum I Intermitt) entma Ambient Temperature Range. (*F) .2 m

wywper y R365Mauve Humidity Range M) 10 to 200
HWur perday 24 Hal Diamer 0) .cer.t75

Noise Level ADowable per t hrift (dB -tm) 53 Sand and dust oncrainsa , . a iuf .
SiftLongih (ti) 3 -typcal site (Mn) 015
NoiseLel Allowable dB) 15 Solar Radiation (12-hoirpalod) eya- ) 9
SiwEevatim (ft) 663 AvailabIlity %) 9
Min Outdoor Operational Service (yeas) 2 Enviroment -Radloactdyt No
Max outdoor Operaional Tune (Yars) 5 -Toxic t Yet
Maintained Operating Temerantm (*M 77 Corrosive Ye

-Flammable No
Stornre Tank Imformation
General TankAttachments
Mauufacturr (or approved equal) Into Site Level Gage No
ModelNimber SSooN0mOIL Float Level Gage vs
Fluid to be stored Composition Manway nd Fin Cap (Non-sealed CIA) is

-water % 90 Down Pipe
-Na2S-SodiumSulfide -% 10 VentPipe . p.) *

Double Wall Storage Capacity (USG) 2MOW
Overall Dimensions

:-iaiser 4k) 102

ilight Cm) 121 i4 Tank Accessories
Material M'DP9 IlmgtYP"lM yie Ladders yea

Density 1 Tie Down System Yes
Shipping Weight OtW) 4000 fuid Isolation Valves
Operating Wedgb OSib 31200 -Suction Line Ye
Fluid presan p - Discharge Line Ye
N FW4n 4k) 4 Fluid Temperatuue Indicaturf'ransducn-By Others Yes
M2 Draw-out (In) 2 -Entering sl -

N3LevelTransuitter (io) 2 Leaving
N4 Spamn (I) 2 Tnk Level Sensing System-By Otber Yes

Power Spply 24 VDc
-Interface options for client control system

Pinizg-Drain
Lning -Inside 36-D91- 0063N45 Laneesien Heater& Controller

-type C -Slagle-poit non-fNsed disconnect switch Y.
TbffuW Insuladon Yes -Electrical Power (kW)' 2

-type -VoltagdrbaeWlHlz (VJPWH 240MM
- Line voltage tharmoetat Yes
- Resenable over-tcmperatre cut-art Yes

- - .-. -.. -
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0 Jed * y CALCULATION SHEET Date: 04/22105

Calculation No. 145579-D-CA-043

Rev. No. A ORIGINATOR: J. J. I
Calculation Title: DBVS Detectable Leak

Volume for the OGTS Wet CHECKER: C. E. Grenard
Scrubber System CEKR .E rnr

1.0 Introduction

1.1 Purpose

The purpose of this calculation is to determine the maximum credible fluid volumes for
leaks in the primary waste caustic piping in the DBVS OGTS Wet Scrubber system. The
Wet Scrubber system's waste caustic load out is comprised of the wet scrubber enclosure
interconnected by hose-in-hose transfer lines (HIHTLs) to two waste storage tanks. The
scrubber skid and the storage tanks transfer line contains interface piping connection
points. The connection points allow leakage in the HIHTLs to drain back to the wet
scrubber enclosure and into its containment sump which contains a leak detector. The
connection point on the storage tanks is at a higher elevation than the connection point on
the wet scrubber enclosure.

1.2 Scope

The scope of this calculation is to determine the maximum credible fluid volumes
resulting from a leak in the primary interconnecting piping prior to a leak detection
alarm. For the purpose of this report, leaks are assumed to occur at one of the secondary
waste storage tanks, at the HIHTL penetration, and it flows by gravity to the wet scrubber
enclosure.

2.0 Basis

2.1 Design Inputs

The fluid flow network for the OGTS wet scrubber system is depicted on the system
P&IDs, F-1 45579-F-36-0100, F-145579-F-36-0101, F-145579-F-36-0102 and
F-145579-F-37-0101 (Attachment A). A depiction of the wet scrubber enclosure plan
layout is depicted in Figure 1. A discrete depiction of the fluid leak paths are listed in
Table 1.

Forn EP 3.3-2F, Sept 2002 A5-451
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Figure 1. OGTS Wet Scrubber Assembly Plan Layout.
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Calculation Title: DBVS Detectable Leak

Volume for the OGTS Wet CHECKER: C. E. Grenard
Scrubber System CG-r
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CALCULATION SHEET Date: 04/22/05

Calculation No. 145579-D-CA-043
Rev. No. A ORIGINATOR: J. J. Irwin/
Calculation Title: DBVS Detectable Leak

Volume for the OTS Wet CHECKER: C. E. Grenard
Scrubber System __________________

Table 1. Wet Scrubber Fluid Leak Configurations

Input Description Diensions Reference Location

OGTS Wet scrubber enclosure , leak containment 114 inches wide by 474 Figure 1.
inches long __________

2 inch HIHTL, 2-PSS-36-031 1, waste caustic feed to 130 ft Lngm 145579-D-SP-010,
secondary waste storage tank Appendix C

Notes:
1) The 2 inch HITL contains a 2.0 inch OD primary and a 4 inch ID Secondary.

2.2 Criteria
There are no pre-determined acceptance criteria.

2.3 Assumptions

The assumptions used in the calculation are as stated below and within the body of the
calculation and/or attachments.

The OGTS wet scrubber enclosure dimensions are determined from Figure 1 (submitted
by the wet scrubber fabrication vendor).

Piping external to the OGTS wet scrubber enclosure or secondary waste storage tanks are
Hose-in Hose Transfer Lines (HIHTLs). Hose lengths are determined from the DBVS
HIHTL technical specification and are assumed to be bounding. Drain slopes in the
HIHTLs are as specified on the P&IDs (Attachment A). Note: the drain slope depicted
on F-145579-F-37-0101 is in error, it should show drain slope from the storage tank to
the wet scrubber enclosure.

A leak originating in the primary of a HIHTL fills the annular region between the inner
-and outer hose before draining through a connection point penetration assembly to the
wet scrubber enclosure. The HIHTL leAk is assumed to result from a complete rupture of
the primary.

Fluid leaking into the wet scrubber enclosure covers its catch basin to a depth of Kinch
before draining to the skid's leak detector sump. The leak detector sump and pump-out
port were assumed to have a volume of 0.2 cu ft (1.5 gallons), this is an engineering
assumption.

Form EP 3.3-2F, Sept 2002 A5-453
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Calculation No. 145579-D-CA-043

Rev. No. A ORIGINATOR: J. J. winw// ? r
Calculation Title: DBVS Detectable Leak

Volume for the OGTS Wet CHECKER: C. E. Grenard
Scrubber System

3.0 References

145579-D-SP-0 10, Hose-In-Hose Transfer Line Assemblies, Rev. 0, DMJM, December,
2004.

145579-D-SP-037, Wet Scrubber Skid Assembly Design and Fabrication, Rev. 0,
DMJM, December, 2004.

F-1 45579-F-36-0100, Revision I, Sheet 1, "Bulk Vitrification Wet Scrubber Skid No. 1
P&ID" (Attachment A).

F-1 45579-F-36-0101, Revision 1, Sheet 1, "Bulk Vitrification Wet Scrubber Skid No. 2
P&ID" (Attachment A).

F-145579-F-36-0102, Revision I, Sheet 1, "Bulk Vitrification Off-Gas Trailer Scrubber
Filter P&ID" (Attachment A).

F-145579-F-37-0101, Revision 0, Sheet 1, "Bulk Vitrification Secondary Waste Storage
P&ID" (Attachment A).

4.0 Methods
Standard mathematical expressions are utilized to calculate the volumes in the annulus of
the HIHTLs or the wet scrubber enclosure catch pan.

5.0 Results and Conclusions

The result of the calculation shows that a leak from waste caustic HIHTL to the OGTS
wet scrubber enclosure catch pan will result in a leak volume of 123.7 gallons.

6.0 Calculations and Analysis

Using standard iathematical techniques the volumes of simple geometries can be
calculate for the various elements of the wet scrubber waste caustic components. Table 2
lists the results of the fluid volume calculations.

- Form EP 3.3-2F, Sept 2002 - A5-454
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CALCULATION SHEET Date: 04122/05

Calculation No. 145579-D-CA-043

Rev. No. A ORIGINATOR: J. J. Irwin S,
Calculation Title: DBVS Detectable Leak

Volume for the OGTS Wet CHECKER: C. E. Grenardctt-
Scrubber System CHECKER: C. E. Grenardet___

Table 2. Calculated Fluid Volumes for Wet Scrubber Components

Wet Scrubber Component Vlume, Volume,

Wet scrubber enclosure catch pan at V. inch depth plus leak detector sutnp. 8.02 60.0

2 inch HUITL, 2-PSS-36-031 1, OGTS Scrubber Enclosure to secondary waste 8.51 63.7
storage tank

Total: 16.53 123.7
Notes:
1) Volume of a rectangular enclosure is width x length x height of fluid
2) Volume of a cylindrical annulus is Pi x (D2^2 - D^2)/4 * length of fluid
3)Volume of a cylinder is Pi x D1A2/4 * length of fluid

Where:
D2 - ID of HHTL outer hose, 2.0 inches
DI - OD of IlTL inner hose or ID of Flex Line, 4.0 inches

PI - Approx. 3.1

Form EP 3.3-2F, Sept 2002 AS-455
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EP 3.3, Revision 6, EngIneexing Calculations

Engineering Procedure-April 15, 2005

*SAMPLE *

FORM EP 3.3-3F - CALCULATION PROCEDURE CHECKLIST

I The calculation number has been obtained from Document Control and the
calculation number is logged in the hard copy Calculation Log-

2 The calculation has been prepared using the forms associated with this procedure
(i.e.. calculation cover sheet, summary sheet, and calculation sheet).

3 The calculation has been formatted per this procedure (header, page number, etc). 44 I

4 The appropriate revision number has been assigned. eo I f_______

5 The discipline lead of affected documents has been notified of any changes. A

6 All calculation sheets have been signed/initialed and dated.

7 Attachments to the calculation are formatted as required and are included in the
calculation package. r

8 The calculation package is complete and submitted to the assigned checker. -

9 The checker has accepted comment resolution and signed the cover sheet. - /

10 The Calculation package has been submitted to Document Control (Preliminary) or
Discipline Lead (Final).

Final Only

11 Design Verifications, where applicable, are complete in accordance with EP3.9.

12 The calculations are stamped by a Registered PE (when required).

13 The Discipline Lead has approved the calculation and signed the cover sheet.

14 The Discipline Lead has forwarded the calculation package to the Document
Control,

Calculation Revisions

15 Th,e calculation cover page is updated, noting the reason for revision.

16 Calculation sheets are updated in accordance with this procedure.

17 The appropriate revision number has been assigned.

18 The checking and approval (when required) have been completed and cover sheet I
is signed.

Form EP 3.3-3F (09/02)
'Each action is to be verfied by the Originator.
t This checklist applies to preliminary and final calculations.
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Figure 1. Subcontractor Calculation Review Checklist.

Page 1 of I

Subject: DBVS Detectable Leak Volume for the OGTS Wet Scrubber System

The subject document has been reviewed by the undersigned.
The checker reviewed and verified the following items as applicable.

Documents Reviewed: 145570-D-CA-043 rev A

Analysis Performed By: DMJM

* Design Input
* Basic Assumptions
* Approach/Design Methodology
* Consistency with item or document supported by the calculation
* Conclusion/Results Interpretation
* Impact on existing requirements

Checker (printed name 'gnaturend date)
Thomas H May ' #<4 7/,

Organizational Manager (printe name, signature and date)

Dave Shuford t4occi6t9 4  f
The following correction need to be made to the text:

1. The calculation is acceptable for the IQRPE package,
by DMJM.

but lacks an approval signature
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